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[In  the  spring  of  1899  Dr.  W.  S.  Christopher,  a member  of  the  Chicago  board  of  education,  con- 
ducted a child-study  investigation  in  certain  of  the  public  schools  of  that  city,  the  results  of  which 
he  reported  to  the  school  board.  The  success  of  this  inquiry  led  to  the  establishment  of  a permanent 
department  of  child-study  and  pedagogic  investigation,  under  the  directorship  of  Mr.  Fred  W.  Smed- 
ley.  Mr.  Smedley  had  been  a teacher  of  child  study  in  the  University  of  Chicago  and  actively 
engaged  there  several  years  in  laboratory  work  in  physiological  psychology. 

During  his  term  as  director  of  the  department  of  child  study  he  made  two  reports  describing  his 
methods  and  giving  in  considerable  detail  the  data  he  had  collected  and  the  conclusions  he  had 
arrived  at.  The  information  contained  in  this  chapter  has  been  selected  from  those  reports.] 

[From  report  of  Director  Fred  W.  Smedley  for  1899-1900.] 

The  work  of  the  department  of  child-study  and  pedagogic  investigation  for  the  past 
year  has  consisted  mainly  of  a continuation  of  the  tests  inaugurated  by  Dr.  W.  S. 
Christopher  in  March,  1899.  It  seems  but  natural  that  the  starting  point  for  a S3^s- 
tematic  pedagogical  study  of  Chicago  school  children  should  be  an  attempt  to  deter- 
mine the  laws  of  their  growth  and  the  relationship  which  may  exist  between  physical 
growth  and  mental  development 

The  results  of  the  test  on  each  individual  pupil  were  recorded  on  a card,  the  fol- 
lowing copy  of  which  will  serve  to  show  the  scope  of  the  data  collected. 


Name,  — 
Grade,  — 
School,  - 
Teacher, 


No. . 

Number  of  weeks  in  this  grade, . 

Room  No.  — — ■. 


Date  of  birth:  Year, ; month, ; day, 

Place  of  birth, , . 

Place  of  birth  of  father, , . 

Place  of  birth  of  mother, , . 


School  standing 

Attention 

Memory 

Judgment 

Best  work  is  in 

Poorest  work  is  in 

Deportment 

Date 

Age  — 

Height  with  shoes 

Height  of  heel 

Net  height 

Height  sitting 

Weight  with  clothes 

Weight  of  clothing,  estimated 

Net  weight,  estimated 

Ergograph:  Hour 

Weight  used 

Centimeters  traveled 

Work:  Centimeter-kilogram.. 

Duration  of  work 

Strength  of  grip: 

Right  hand 

Left  hand 


IfiQK 
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Vital  capacity 
Audiometer: 


Visual  acuity: 
Right .... 

Left - 

Motor  ability 


The  use  of  cards  with  one  color  for  the  boys  and  another  for  the  girls  allows  the 
quick  compilation  of  the  data  in  any  manner  desired  by  changing  the  grouping  of 


Up  to  date,  tests  have  been  made  on  the  pupils  of  the  Aicott,  Kozminski,  Andersen, 
and  Tennyson  elementary  schools,  the  eighth  grade  and  the  kindergarten  in  the 
Hoyne  School,  the  kindergartens  of  the  Burr,  Kinzie,  and  Sheldon  schools,  and  also 
the  pupils  of  the  Englewood  and  Lake  View  High  schools;  in  all,  6,259  pupils,  2,788 
boys  and  3,471  girls.  The  pupils  of  these  schools  are  largely  of  American  parentage 
and  are  the  children  of  parents  in  comfortable  circumstances,  so  that  tney  are  uni- 


CHILD  STUDY  IH  CHICAGO. 


1097 


formly  well  fed  and  clothed.  TEirefore,  it  is  believed  that  they  may  be  taken  to 
represent  normal  Chicago  children,  living  under  good  conditions.  From  these  tests 
and  measurements,  tables  of  '^riorms  -have  been  compiled.  As  we  were  obliged  to 
compile  the  data  several  times,;  we  haye  been  able  to  watch  the  changes  which  added 
numbers  have  produced.  These  changes  of  the  norms  from  the  addition  of  the  last 
set  of  cards  representing  the  measurements  of  about  50  pupils  of  each  year  of  age, 
between  the  ages  of  6 and  16,  have  been  so  slight  that  it  is  believed  that  these  norms 
are  fairly  representative  of  the  class  of  pupils  tested  for  these  years.  And  probably 
large  additions  to  these  figures,  if  the  data  were  taken  from  the  same  class  of  pupils, 
would  but  slightly  change  the  averages  thus  established.  The  norms  for  the  upper 
years,  16  to  21,  and  also  for  the  kindergarten  ages,  4 to  6,  on  account  of  the  paucity 
of  numbers  can  hardly  be  considered  so  completely  established.  In  these  compila- 
tions averages  have  been  used  rather  than  medians,  although  the  difference  between 
averages  and  medians  proved  insignificant.  The  mathematical  computations  were 
made  by  means  of  a comptograph ; so  “ machine  accuracy  ’ ’ in  the  results  has  been 
obtained.  That  these  results  may  be  quickly  and  clearly  understood,  charts  have 
been  made  of  the  growth  and  development  along  the  lines  in  which  tests  and  meas- 
urements have  been  made.  It  is  not  assumed  that  a single  child  grows  at  exactly 
the  same  regular  movement  upward  as  is  shown  by  the  tables  and  charts,  yet  it  is 
believed  that  ordinarily  children  do  not  differ  widely  from  this  rate,  and  the  aver- 
age of  a small  number  of  the  same  class  of  boys  and  girls  taken  from  year  to  year 
would  give  us  figures  almost  identical  with  the  results  of  these  compilations.  So 
these  tables  fairly  show  laws  of  growth  and  physical  development. 

There  is  a prevalent  belief,  growing  out  of  the  evolutionary  doctrine  of  the  survival 
of  the  fittest,  that  the  average  represents  the  ideal  type.  As  these  measurements 
must  include  many  imperfect  specimens,  children  who  through  disease,  malnutrition, 
and  other  insalutary  conditions  have  failed  to  attain  the  growth  and  development 
that  they  otherwise  would  have  reached,  in  all  probability  the  evolutionary  ideal 
lype  will  be  found  somewhat  above  the  average  in  each  measurement.  These  aver- 
ages are  representative  of  the  class  of  children  measured,  and  are  highly  important 
as  a basis  of  comparison.  It  may  be  added  that  comparison  of  these  measurements 
with  those  taken  in  other  cities  shows  the  superiority  of  this  class  of  Chicago  school 
children  in  both  size  and  physical  development. 

Table  T — Norms — By  averages. 

BOYS. 


Ages. 

Number 

exam- 

ined. 

Standing 

height. 

Sitting 

height. 

Weight 

with 

clothing. 

Work  on 
ergograph. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

4-6-13  

41 

Mm. 

1,012 

Mm. 

583 

Kilos. 

16.984 

Kilo-cms. 

'Kilos. 
5. 50 

Kilos. 

5.08 

a c. 

736 

930 

5-7-14  

70 

1,076 

612 

18. 402 

82.1 

7.  80 

7.12 

6-6-  6 

227 

1,133 

636 

20.  716 

105.4 

10.00 

9. 32 

1, 098 

7-5-27  

230 

1,183 

658 

22. 535 

139.2 

11.50 

10. 91 

1,240 

8-5-21  

255 

1,234 

677 

25. 022 

168.2 

13. 27 

12.40 

1,388 

9-6-  4 

228 

1,289 

699 

27. 616 

205.6 

15. 39 

14.  54 

1,549 

10-6-  2 

254 

1,330 

713 

29. 837 

235.0 

17.68 

16.66 

1,  659 

11-5-17  

228 

1,370 

729 

32. 519 

267.7 

19.94 

18.  72 

1,799 

12-5-23  

256 

1,418 

747 

35.  626 

297.8 

22.40 

20. 58 

1 , 956 

13-5-14  

230 

1,488 

777 

40.  276 

357.2 

26.  26 

24.  23 

2.  246 

14-5-20  

250 

1, 546 

806 

44. 786 

423.8 

30.29 

27.94 

2, 527 

15-5-25  

205 

1,613 

837 

50.  994 

513. 5 

36.30 

33.  65 

2, 858 

16-5-15  

146 

1,665 

871 

55. 219 

584.7 

42. 12 

38.82 

3.  363 

17-5-18 

92 

1,690 

891 

59. 243 

651.4 

46.99 

42. 74 

3, 570 

18-4-27  

40 

1,731 

914 

62. 858 

700.9 

51.04 

46.  75 

3,  701 

19-4-18  

23 

1,721 

911 

64. 326 

733.4 

64. 11 

49.33 

3, 872 

20-5-12  

8 

1,741 

923 

68. 294 

737.8 

56.00 

48.  50 

3,788 

21-3-14  

5 

1,704 

911 

63. 955 

727.4 

52.00 

47. 40 

3,770 
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Table  I. — Norms — By  averages — Continued. 
GIRLS. 


Ages. 

Number 

exam- 

ined. 

Standing 

height. 

Sitting 

height. 

Weight 

with 

clothing. 

Work  on 
ergograph. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

4-7-10  

36 

Mm. 

1,008 

1,065 

Mm. 

585 

Kilos. 
16. 342 

Kilo-cms. 

Kilos. 

5.64 

Kilos. 

5. 17 

O.  c. 

754 

855 

5-7-  2 

81 

602 

17. 972 

62.2 

7.23 

6.58 

6-6-  8 

204 

1,126 

629 

19. 968 

98.3 

9.15 

8. 52 

1,008 

7-6-15  

236 

1,185 

653 

22. 115 

109. 5 

10. 71 

10.06 

1,121 

8-6-  1 

232 

1,228 

674 

23. 995 

142.5 

11.67 

10. 96 

1,215 

9-6-  7 

221 

1,278 

692 

26. 540 

171.4 

13.89 

13. 01 

1,360 

10-5-15  

240 

1,322 

708 

28. 969 

190.1 

15.  37 

14. 40 

1,456 

11-5-16  

223 

1,381 

735 

32. 132 

221. 7 

17.57 

16. 50 

1,587 

12-5-15  

247 

1,441 

762 

36. 326 

245.9 

20.09 

18.88 

1,729 

13-6-13  

255 

1,513 

797 

41. 629 

294.5 

23.60 

21.51 

1,924 

14-6-13  

301 

1,564 

826 

47. 181 

344.2 

26.19 

24.11 

2, 117 

15-6-  1 

379 

1,574 

840 

49. 345 

356.5 

27.  92 

25.  81 

2,225 

16-6-  0 

354 

1,592 

851 

51. 964 

397.3 

29.  50 

27.  31 

2,306 

17-5-10  

251 

1,597 

853 

52.  761 

370.1 

29.62 

27.11 

2, 304 

18-4-25  

137 

1,595 

857 

53. 015 

381.6 

29. 84 

27.76 

2,351 

19-5-  4 

48 

1,599 

855 

54. 600 

416.8 

31.21 

28.  85 

2,441 

20-4-12  

22 

1,588 

848 

54. 033 

363.3 

29.96 

27.  45 

2,348 

21-5-  8 

4 

1,583 

862 

54. 763 

506.9 

32. 19 

29.31 

2,250 

Birthday  norms. — In  compiling  these  norms  the  age  at  the  last  birthday  was  used. 
It  was  assumed  that  the  actual  average  age  for  any  year  would  be  that  year  and 
about  six  months.  When  the  average  ages  were  made  out,  it  was  found,  as  will 
appear  on  the  table,  that  in  some  years  the  ages  averaged  above  the  half  year  and  in 
some  below.  In  order  to  ascertain  the  norms  for  the  exact  years  and  half  years  the 
daily  and  monthly  increments  were  calculated.  The  increment  between  any  two 
average  ages  divided  by  the  exact  number  of  days  between  those  ages  gives  the 
average  daily  increment,  and  this  multiplied  by  30  pg-  gives  the  average  monthly 
increment.  On  this  basis  a table  of  norms  computed  to  integral  years  and  half  years 
for  the  ages  from  6 to  181  bas  been  calculated  and  is  given,  together  with  a table  of 
the  monthly  increments.  In  these  tables  where  the  averages  of  the  girls  are  greater 
than  the  averages  of  the  boys  for  corresponding  ages,  the  measurements  have  been 
printed  in  heavy-faced  type. 

These  norms,  computed  to  the  integral  years,  are,  for  the  sake  of  convenience, 
termed  “birthday  norms.” 


Table  II. — Birthday  norms. 


Boys. 


Age. 

Standing 

height. 

Sitting 

height. 

Weight 

with 

clothing. 

Work  on 
ergograph. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

6-0 

Mm. ' 
1, 106. 9 

Mm. 

624.0 

Kilos. 
19. 738 

Kilo-cm. 
92, 86 

Kilos. 
9. 21 

Kilos. 
8. 48 

C.c. 

1,023 

6-6 

1,132.5 

635. 4 

20. 675 

104. 79 

'9. 97 

9. 29 

1, 095, 

7-0 

1,158.2 

646.7 

21. 613 

122. 12 

10r74 

10. 11 

1,168 

7-6 

1,183.9 

657.8 

22. 550 

139.45 

11.51 

10. 92 

1,241 

8-0 

1, 209. 3 

667.5 

23. 817 

154. 17 

12. 41 

11.67 

1,316 

8-6 

1, 234. 8 

677.2 

25. 083 

168. 89 

13.31 

12.43 

1,392 

9-0 

1,261.4 

687.9 

26. 336 

187. 07 

14.  34 

13. 47 

1,469 

9-6 

1, 288. 0 

698.5 

27. 589 

205.  24 

15. 37 

14. 51 

1,547 

10-0 -. 

1, 309. 1 

705.6 

28. 707 

220. 03 

16.  52 

15. 59 

1,603 

10-6 

1,330.3 

712.6 

29. 825 

234. 82 

17.  67 

16. 66 

1,659 

11-0 

1, 351. 1 

721.0 

31.223 

251. 86 

18. 85 

17.72 

1, 732 

11-6 

1, 371. 9 

729.3 

32. 619 

268. 89 

20.03 

18.80 

1,806 

12-0 

1, 395. 4 

738.0 

34. 151 

283.83 

21.24 

19. 71 

1,883 

12-6.. : 

1,  418.  9 

747.0 

35.  684 

298.  75 

22.  45 

20. 62 

1,  960 

13-0 

1, 455. 4 

762.4 

38. 084 

329.21 

24.44 

22.51 

2,108 

13-6 

1,490.9 

777.9 

40. 485 

359. 69 

26.  43 

24.40 

2,257 

14-0 

1,  519.  2 

792.1 

42. 696 

392. 62 

28.42 

26.  22 

2,395 

14-6 

1,  547. 4 

806.4 

44. 908 

425.  55 

30. 40 

28.04 

2,  533 

15-0 

1, 580. 7 

821.8 

47. 993 

470. 13 

33. 39 

30.88 

2,  697 

15-6 . 

1, 614. 1 

836.8 

51.078 

514.  72 

36.38 

33.73 

2, 860 

16-0 

1,640.3 

854.3 

53. 238 

551.22 

39.37 

36.39 

3,120 

16-6 

1,666.5 

871.7 

' 55.398 

587. 73 

42. 35 

39. 04 

3, 380 

17-0 

1,678.5 

881.6 

57. 384 

620. 64 

44.74 

40.96 

3,483 

17-6 

1,690.4 

891.4 

59. 371 

653.53 

47. 14 

42.  87 

3,586 

18-0 

1,  712. 3 

903. 0 

61. 288 

679.  73 

49.  28 

45. 01 

3,655 

18-6 

1, 734. 1 

914. 6 

63. 204 

705. 82 

51.43 

47. 16 

3, 725 
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Table  II — Birthday  norms — Continued. 
GIRLS. 


Age. 

Standing 

height. 

Sitting 

height. 

Weight 

with 

clothing. 

Work  on 
ergograph. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

6-0 

Mm. 

1, 096. 6 

Mm. 
617. 2 

Kilos. 
18.  870 

Kilo-cm. 

87.79 

Kilos. 

8.36 

Kilos. 

7.74 

C.c. 

950 

6-6 

1, 125. 1 

629.0 

19. 922 

97.  90 

9. 12 

"8. 49 

1, 006 

7-0 

1, 153. 7 

640.7 

20. 974 

108. 00 

9. 88 

9.24 

1,061 

7-6 

1, 182. 2 

652.5 

22. 026 

118. 10 

10. 65 

9.99 

1,117 

8-0 

1,  204.  9 

663.4 

23.010 

130. 24 

11.16 

10. 48 

1,165 

8-6 

1, 227. 5 

674.3 

23. 994 

142. 38 

11.67 

10. 96 

1, 214 

9-0 

1, 252. 4 

683. 2 

25. 257 

156. 73 

12. 77 

11.97 

1, 286 

9-6 

1, 277.  4 

692.1 

26.520 

171. 08 

13.  88 

12.  99 

1,358 

10-0 

1, 300. 7 

700.5 

27. 795 

180. 98 

14. 65 

13. 72 

1,409 

10-6 

1,324.1 

708.9 

29. 072 

190. 88 

15.43 

14.46 

1, 460 

11-0 

1,353.5 

722.3 

30. 662 

206. 90 

16.54 

15. 52 

1,  526 

11-6 

1,383.0 

735!  8 

32. 250 

222. 92 

17. 65 

16.  58 

1,592 

12-0 

1,413.1 

749.3 

34.873 

234. 92 

18.  92 

17. 78 

1,664 

12-6 

1,443.2 

762.9 

36.495 

246.  92 

20. 19 

18.97 

1, 736 

1,476.8 

779.1 

38.974 

269.  89 

21. 84 

20. 39 

1,827 

13-6 i 

1,510.4 

795.4 

41.454 

292.  86 

23.49 

21.80 

1,918 

14-0 

1,536.4 

809.9 

44.219 

318. 12 

24.79 

22.  92 

2, 014 

14  6 

824.3 

832.1 

46.988 

48.161 

343.  38 
349. 83 

26.10 
27. 00 

24.03 
24.  92 

2,  111 
2,168 

15-0 

1,  568. 3 

15-6 

1, 574. 2 

839.9 

49. 339 

356.29 

27. 91 

25. 80 

2,  225 

16-0 

1,  583. 0 

845.4 

50. 652 

361. 10 

28.  70 

26. 55 

2,  266 

16-6 

1,591.8 

850.9 

51. 964 

365. 92 

29.  50 

27.31 

2,306 

17-0 

1, 592. 6 

852. 0 

52. 386 

370. 74 

29. 56 

27.43 

2,  319 

17-6 

1, 593. 4 

853.0 

52. 807 

375. 55 

29.63 

27. 55 

2, 331 

18-0 

1,594.2 

855.1 

52. 923 

380. 37 

29.75 

27.66 

2,  343 

18-6 

1, 595. 0 

857.2 

53. 039 

385. 19 

29.  87 

27.  77 

.2, 355 

Table  III. — Average  monthly  increment  of  birthday  norms. 
BOYS. 


Age. 

Standing 

height. 

Sitting 

height. 

Weight 

with 

clothing. 

Work  on 
ergograph. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Mm. 

Mm. 

Kilos. 

Kilo-cm. 

Kilos. 

Kilos. 

G.c. 

6*  to  74 

4.3 

1.8 

0. 156 

2. 89 

0.13 

0.14 

12 

7i  to  ~&i 

4.2 

1.6 

.211 

2.45 

.15 

.13 

13 

85  to  94 

4.4 

1.7 

.209 

3. 03 

.17 

.17 

13 

94  to  10* 

3.5 

1.2 

.187 

2.46 

.19 

.18 

9 

10*  to  114 

3.5 

1.4 

.233 

2. 84 

.19 

.18 

12 

Hi  to  12*  

3.9 

1.5 

.256 

2.50 

.20 

.15 

13 

12i  to  13i 

6.1 

2.6 

.400 

5.08 

.33 

.32 

25 

13i  to  144 

4.7 

* 2.4 

.368 

5.49 

.33 

.30 

23 

14i  to  15i  

5.6 

2.5 

.514 

7.43 

.50 

.48 

27 

15i  to  16i 

4.4 

2.9 

.360 

6.08 

. 50 

.44 

43 

16?  to  17i 

2.6 

1.6 

.331 

4.49 

.40 

.32 

17 

17i  to  18i 

3.7 

1.9 

.320 

4. 34 

.36 

.36 

11 

GIRLS. 


6i  to  7i 

4.7 

2.0 

0. 175 

1.68 

0. 12 

0. 12 

9 

7i  to  8| 

3.8 

1.8 

.164 

2. 02 

.09 

.08 

8 

8i  to  9i 

4.2 

1.5 

.211 

2.39 

.18 

.17 

12 

9i  to  10i 

3.9 

1.4 

.213 

1.65 

.13 

.12 

8 

104  to  114... 

4.9 

2.3 

.265 

2. 67 

.18 

.18 

11 

Ill  to  12i 

5.0 

2. -2 

.353 

2.00 

.21 

.20 

12 

12i  to  13i 

5.6 

2.7 

.413 

3. 83 

.28 

.23 

16 

13i  to  14i 

4.3 

2.4 

.461 

4. 20 

.22 

.19 

16 

14J  to  15* . . 

1.0 

1.3 

.196 

1.08 

.15 

.15 

10 

15i  to  16i 

1.5 

.9 

.219 

.80 

.13 

.12 

7 

16*  to  174 

.1 

.2 

.070 

.80 

.01 

.02 

2 

17 to  18£  

■ .1 

.3 

.019 

.80 

.02 

.02 

2 

GROWTH  IN  HEIGHT  AND  HEIGHT  SITTING. 

Height  was  measured  by  means  of  an  adaptation  of  the  Bertillon  stadiometer. 
The  heels  of  the  shoes  were  calipered,  and  the  height  of  the  shoe  heels  taken  from 
the  gross  height  gave  the  net  height.  This  upon  trial  proved  almost  identical 


1100 


EDUCATION  REPORT,  1902. 


with  the  height  when  taken  without  shoes.  The  results  of  the  compilation  of  height 
standing  and  height  sitting  will  be  found  in  Table  I.  It  will  be  noted  that  the 
average  girl  is  shorter  than  the  average  boy  when  they  enter  the  kindergarten,  but 
just  before  reaching  11  years  of  age,  owing  to  a slackening  of  the  boy’s  rate  of  growth 
and  an  acceleration  of  the  girl’s,  the  average  girl  becomes  taller  than  the  average 
boy  and  remains  taller  till  they  reach  the  age  of  15  years.  At  this  period  the  girls 
seem  to  be  exhausted  in  the  race,  and  the  boys  surpass  the  girls  in  height  and  con- 
tinue to  increase  the  difference  in  stature  for  a number  of  years. 

As  in  height  standing  so  in  height  sitting.  When  the  pupils  enter  the  kinder- 
garten the  average  boy  is  slightly  taller  wrhen  seated  than  the  average  girl,  but  just 
before  attaining  the  age  of  11  years  the  average  girl  surpasses  the  average  boy  in 
height  sitting.  This  a, gain  seems  due  as  much  to  a retardation  in  the  boy’s  rate  of 
growth  as  to  an  acceleration  in  the  girl’s  rate  of  growth.  The  average  girl  continues 
taller  when  seated  than  the  average  boy  till  nearly  16  years,  or  almost  a year  longer 
than  her  height  standing  exceeds  the  height  standing  of  the  average  boy.  This 
shows  that  the  more  rapid  growth  of  the  boy  -at  this  age  is  chiefly  in  the  lower 
extremities  rather  than  in  the  trunk. 

GROWTH  IN  WEIGHT. 

As  we  found  in  stature  so  we  find  in  weight  that  the  average  boy  exceeds  the 
average  girl  during  the  early  years  of  school  life.  During  the  three  years  from  12  to 
15  the  average  girl  is  heavier  than  the  average  boy.  Soon  after  15  is  reached  the 
boy  surpasses  the  girl  in  weight  and  he  continues  to  increase  in  weight  more  rapidly 
than  she  does  for  a number  of  years.  It  will  be  noted  that  the  average  girl  sur- 
passes the  average  boy  in  weight  at  about  a year  later  than  her  stature  exceeds  his. 
The  tables  of  weight  and  height  show  that  the  girls  continue  to  increase  in  weight 
for  a longer  period  than  they  increase  in  height. 


THE  DEVELOPMENT  OF  STRENGTH. 


Strength  of  grip  was  tested  at  first  by  an  ordinary  2-spring  dynamometer,  but 
an  attempt  to  test  the  young  children  with  this  instrument  proved  that  it  was 
entirely  unsuited  to  the  size  of  their  hands.  Those  with  the  smallest  hands  were 
forced  to  use  a different  set  of  phalanges  from  those  which  the  adult  would  use  on 
the  same  instrument.  Again,  it  was  found  that  the  adult  could  make  his  best  record 
only  when  the  instrument  was  suited  to  the  size  of  this  hand.  For  this  reason  we 
were  forced"to  devise  a new  dynamometer  which  could  be  adjusted  to  the  size  of  the 
hand.  This  new  adjustable  grip  dynamometer  is  represented  in  fig.  2.  It  is  set  by 
changing  the  distance  between  the  bars  of  the  inner  and  outer  stirrups.  This  is 
accomplished  by  whirling  the  inner  stirrup,  a screw  thread  passing  through  a nut 
below  the  dial,  causing  the  protrusion  or  withdrawal  of  the  stem  of  the  stirrup.  A 
distance  between  the  bars  corresponding  to  about  one-half  of  the  distance  from  the 
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place  where  the  thumb  joins  the  hand,  to  the  end  of  the  fingers,  was  found  best 
suited  to  most  hands. 

Each  pupil  was  given  several  trials  of  strength  and  the  best  result  obtainable  was 
recorded.  It  will  be  seen  from  Table  I that  the  boys  surpass  the  girls  in  strength  at 
all  ages;  even  in  the  kindergarten  the  average  boy  is  stronger  in  his  left  hand  than 
the  average  girl  is  in  her  right  hand,  and  during  the  early  years  of  adolescence  this 
differentiation  of  the  sexes  becomes  very  striking.  These  facts  were  shown  in  Dr. 
Christopher’ s report  and  have  been  fully  confirmed  by  the  compilation  from  the 
larger  numbers. 

DEVELOPMENT  OF  VITAL  CAPACITY. 

The  term  vital  capacity  is  used  here  to  signify  the  amount  of  air  that  a person  can 
expire  after  a forced  inspiration. 

Vital  capacity  was  tested  by  means  of  a wet  spirometer.  In  this  test,  as  in  the 
test  of  strength,  the  child  was  allowed  repeated  trials  until  he  fell  short  of  his  pre- 
vious efforts  and  the  best  mark  attained  was  recorded.  The  boys  show  greater 
breathing  capacity  from  the  first,  the  difference  becoming  marked  during  adoles- 
cence. The  great  breathing  capacities  of  the  boys  who  were  in  training  for  football 
and  the  girls  who  played  basket  ball  were  in  strong  contrast  with  those. who  took 
little  physical  exercise,  which  suggests  that  vital  capacity  increases  and  decreases 
with  the  amount  of  one’s  activity,  and  so,  in  connection  with  size,  is  an  index  of  the 
rate  of  metabolism. 

THE  DEVELOPMENT  OF  ENDURANCE. 

A modification- of  Mosso’s  ergograph  made  possible  the  study  of  endurance  and 
fatigue.  This  instrument  gives  a graphic  record  and  a measure  of  the  work  done 
under  certain  fixed  conditions  by  a single  group  of  muscles.  The  apparatus  consists 
of  two  parts,  a fixing  board  and  a carriage  with  tracing  apparatus  mounted  on  a 
suitable  frame.  The  arm  is  fastened  firmly  to  the  fixing  board,  allowing  free  move- 
ment to  only  the  middle  finger  of  the  right  hand.  To  this  finger  a cord  is  fastened 
which,  passing  to  the  carriage  and  over  a pulley  at  the  end  of  the  stand,  is  attached 
to  a weight.  In  each  case  in  these  tests  this  weight  was  7 per  cent  of  the  weight  of 
the  individual.  In  flexing  the  finger  the  weight  is  lifted  and  on  extending  the 
finger  the  weight  returns  to  its  original  place.  A pen  attached  to  the  carriage  and 
resting  upon  a kymograph  traces  the  movement  thus  made  upon  paper  fastened  to 
the  revolving  cylinder  of  the  kymograph,  and  a moving  tapeline  measures  the  dis- 
tance which  the  weight  has  been  lifted.  This  distance,  multiplied  by  the  weight, 
gives  the  amount  of  work  done.  By  keeping  time  with  the  beating  of  a metronome 
these  flexions  and  extensions  of  the  finger  are  made  at  regular  intervals,  so  that  in 
ninety  seconds,  the  time  employed  in  each  test,  the  weight  would  be  lifted  45  times. 
In  operating  the  ergograph  loaded  thus  with  7 per  cent  of  the  gross  weight  cf  the 
individual  it  was  found  that  at  some  period  between  ninety  and  one  hundred  and 
fifty  seconds  such  fatigue  was  usually  produced  as  to  render  it  impossible,  to  move 
the  weight  at  all.  By  limiting  the  work  to  ninety  seconds  a point  was  reached  at 
which  the  strongest  pupils  would  begin  to  show  fatigue,  and  only  the  weakest  and 
very  obese  pupils  became  entirely  exhausted.  Table  I shows  the  development  of 
endurance,  as  shown  by  the  power  to  do  work  on  the  ergograph.  It  appears  that 
boys  have  greater  endurance  than  girls  at  all  ages,  and  during  adolescence  the  differ- 
entiation of  the  sexes  becomes  very  striking.  The  comparison  of  the  records  an 
individual  makes  in  endurance  and  vital  capacity  seems  to  show'  that  they  usually 
develop  together. 

THE  RATE  OF  ANNUAL  INCREASE  IN  GROWTH  AND  DEVELOPMENT. 

Table  IV  shows  separately  for  each  sex  and  for  each  of  the  physical  measurements 
taken  the  following  points:  First,  the  special  measurement  under  consideration  at  the 
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beginning  of  each  year,  as  shown  in  the  table  of  exact  birthday  norms.  Second, 
the  increase  in  that  measurement  found  at  the  beginning  of  the  next  year  or  the 
increment  during  that  year.  Third,  the  per  cent  that  this  increment  is  of  the  meas- 
urement gt  the  beginning  of  the  year  during  which  it  has  occurred. 

The  per  cents  of  gain  in  height,  weight,  strength,  endurance,  and  vital  capacity 
are  represented  in  Charts  I and  II.  The  study  of  these  charts  and  tables  leads  to 
some  interesting  and  important  considerations.  Noting  first  the  chart  relating  to  the 


AGE 
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Chart  I — Rate  of  annual  increase  in  stature,  weight,  and  strength  of  grip. 
Based  on  data  in  Table  IV. 


annual  rate  of  gain  in  height,  it  is  seen  that  the  general  trend  of  this  rate  of  increase 
is  downward.  This  general  trend  is  broken  in  both  sexes  by  a rise,  wThich  in  girls 
commences  at  10  and  ends  at  16,  and  in  boys  commences  at  12  and  ends  at  17.  The 
summits  of  these  rises  are  from  12  to  14  in  girls  and  from  13  to  16  in  boys.  The  curve 
showing  the  rate  of  gain  in  weight  shows  a similar  rise  in  both  sexes  with  maxima 
at  the  same  ages  as  in  the  case  of  height.  The  superiority  of  girls  over  boys  in  gain 
in  height  and  weight  at  this  period  of  life  is  also  shown.  When  the  curves  of  the 
increments  of  the  strength  of  grip  of  the  right  hand,  vital  capacity,  and  endurance 
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are  observed,  it  is  seen  that  there  is  a similar  increase  at  the  same  ages.  The  period 
of  the  superiority  of  girls  over  boys  in  rate  of  increase  in  these  latter  measurements, 
all  of  which  involve  the  factor  of  physical  power,  which  is  less  at  all  ages  in  girls 
than  in  boys,  is  not  so  great  nor  so  long  maintained  as  in  the  case  of  height  and 
weight.  However,  the  finer  differences  in  rate  of  growth  and  development  between 
the  sexes  are  not  of  special  import  to  us  at  present.  The  great  feature  for  conaidera- 

AG£ 


Chart  II,— Rate  of  annual  increase  in  vital  capacity  and  endurance. 
Based  on  data  in  Table  IV. 


tion  is  this:  There  is  an  exaltation  of  life  processes  at  the  pubescent  period  which 

finds  its  expression  not  only  in  an  increased  rate  of  growth  but  also  in  the  develop- 
ment of  physical  power. 

Education  has  as  its  basis  the  bringing  about  of  bodily  changes,  especially  the 
modification  of  the  central  nervous  system.  The  period  of  growth  of  any  organ  is 
the  period  of  its  plasticity.  Although  this  is,  not  the  period  of  most  rapid  increase 
jn  weight  of  the  nervous  system,  the  rapid  development  of  physical  power  would  in 
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itself  indicate  that  it  is  a period  of  nervous  change.  The  question  may  now  be 
asked,  Is  this  pubescent  exaltation,  shown  so  markedly  in  the  physical  elements  of 
child  life,  characteristic  also  of  the  other  features  of  that  life?  In  other  words,  is 
there  a corresponding  exaltation  of  the  intellectual  and  emotional  features  of  the 
child  life?  It  is  unquestionably  true  that  at  this  period  the  emotions  are  in  a rela- 
tively high  state  of  exaltation,  and  that  many  neuroses  appear,  according  to  the 
observations  of  well-trained  alienists  and  neurologists. 

It-is  undoubtedly  a period  of  great  plasticity,  physical,  mental,  and  moral,  a period 
when  great  changes  occur  rapidly.  The  already  well-established  relationship  exist- 
ing between  physical  and  intellectual  life  justifies  us  in  believing  that  at  this  period 
the  intellectual  turmoil  is  as  great  as  the  physical  and  emotional.  It  therefore  seems 
to  be  the  period  in  school  life  when  the  child  organism  is  not  only  most  in  need  of, 
but  most  susceptible  to,  educational  influences.  It  may  not  follow  that  it  is  a time 
when  the  greatest  amount  of  intellectual  work  should  be  put  upon  the  child,  but  it 
certainly  is  the  great  j)eriod  for  character  formation.  At  no  time  in  the  whole  school 
life  of  the  child  is  judicious,  intelligent,  and  sympathetic  educational  guidance  so 
necessary  and  so  useful. 

There  is  also  another  feature  of  the  pubescent  period  of  life  no  less  important  than 
the  general  law  of  exaltation  of  physical,  mental,  and  moral  processes.  This  fea- 
ture is  the  matter  of  the  exceptions  to  this  law.  In  the  report  of  last  year  there  was 
shown  to  exist  a wide  range  in  all  the  physical  measurements  of  pupils  in  the  upper 
grammar  grades.  In  the  present  report  an  examination  of  the  tables  of  percentiles 
will  reveal  a similar  tendency  to  extreme  range  of.  measurements  in  the  outer  per- 
centiles in  the  pubescent  years.  The  significance  of  these  facts  seems  to  be  that  in 
the  pubescent  period  a larger  per  cent  of  individuals  than  usual  pass  beyond  the 
normal  limits  set  by  the  mass.  Furthermore,  this  passing  is  in  both  directions, 
upward  and  downward.  In  other  words,  while  pubescence  is  a period  of  great  exal- 
tation of  the  mass  of  children,  it  is  also  a period  of  high  individualization,  a period 
when  the  weak  fail  and  the  able  forge  to  the  front.  Such  a fact  is  of  fundamental 
importance  in  education  and  demands  rational  and  extensive  elasticity  in  the  school 
work  at  this  period  of  life. 

At  this  period  a large  number  of  pupils  drop  out  of  school.  Is  this  the  fault  of 
the  curriculum?  The  high  physical  averages  found  in  the  following  years  seems  to 
indicate  that  the  weaker  ones  are  those  who  leave  school  at  this  time.  This  is  a 
question  of  great  pedagogic  and  social  import  and  should  receive  further  attention. 

The  charts  seem  to  show  also  that  a similar,  but  less  well  marked,  period  of  activ- 
ity is  present  from  the  beginning  of  school  life  to  the  age  of  9. 


Table  IV. — Annual  rate  of  increase. 


BOYS. 


Age. 

Height  at 
begin- 
ning of 
year. 

Amount 
of  gain. 

Per  cent 
of  gain. 

Height 
sitting  at 
begin- 
ning of 
year. 

Amount 
of  gain. 

Per  cent 
of  gain. 

Weight  at 
begin- 
ning of 
year. 

Amount 
of  gain. 

Per  cent 
of  gain. 

6 to  7 

Mm. 

1.106.9 

Mm. 

51.3 

4. 63 

Mm. 
624. 0 

Mm. 

22.7 

3.64 

Kilos. 

19.738 

Kilos. 

1.875 

9.50 

7 to  8 ... . 

1,158. 2- 

51.1 

4. 40 

646.7 

20.8 

3.21 

21.613 

2. 204 

10.  20 

8 to  9 ... . 

1, 209. 3 

52.1 

4.30 

667.5 

20.4 

3. 05 

23. 817 

2. 519 

10.57 

9 to  10  ... 

1,261.4 

_ 47.  7 

3.77 

687.9 

17.7 

2.  57 

26. 336 

2. 371 

9.U0 

10  to  11 . . . 

1, 309. 1 

42.0 

3. 20 

705. 6 

15.4 

2. 18 

28. 707 

2. 516 

8.  76 

11  to  12  . . . 

1,351.1 

44.3 

3. 27 

721.0 

17.0 

2.35 

31.223 

2.  928 

9.37 

12  to  13  . . . 

1,395.4 

60.0 

4.29 

738.0 

24.4 

3.  30 

34. 151 

3. 933 

11.51 

13  to  14  . . . 

1,455.4 

63.8 

4.39 

762.4 

29.7 

3.89 

38. 084 

4.612 

12.  11 

14  to  15  . . . 

1,519.2 

61.5 

4.04 

792, 1 

29.7 

3.74 

42. 696 

5.297 

12.  40 

15  to  16  . . . 

1, 580. 7 

59.6 

3.70 

821.8 

32.5 

3.  95 

47. 993 

5.245 

10.  92 

16  to  17  . . . 

1,640.3 

- 38.2 

2.  32 

854.  3 

27.3 

3.19 

53. 238 

4. 146 

7.78 

17  to  18  . . . 

1,678.5 

33.8 

2.01 

881.6 

,1.4 

2.41 

1 

57. 384 

3. 904 

6 80 
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Table  IV. — Annual  rate  of  increase — Continued. 
BOYS — Continued. 


Ergograph 

Right-hand 

A crt± 

at  begin- 

Amount  of 

Per  cent  of 

grip  at 

Amount  of 

Per  cent  of 

ning  of 

gam. 

gain. 

beginning 

• gain. 

gain. 

year. 

of  year. 

Kilos-cm. 

Kilos-cm. 

Kilos. 

Kilos. 

6 to  7 

87.47 

34. 65 

39. 62 

9.  21 

1.53 

16. 61 

7 to  8 

122. 12 

32. 05 

26. 24 

10. 74 

1.67 

15.  55“ 

8 to  9 

154. 17 

32. 90 

21. 34 

12.41 

1.93 

15. 55 

9 to  10 

187. 07 

32.  96 

17.56 

14. 34 

2. 18 

15. 20 

10  to  11 

220. 03 

31.83 

14. 46 

16.  52 

2.33 

14.10 

11  to  12 

251.  86 

31. 97 

12.68 

18.85 

2. 39 

12.  67 

12  to  13 

283.  83 

45.38 

15. 98 

21.24 

3.20 

15.00 

13  to  14 

329. 21 

63.41 

19.  29 

24.44 

3. 98 

16. 28” 

14  to  15.. 

392. 62 

77.51 

19.74 

28.42 

4. 97 

17. 44 

15  to  16 

470. 13 

81.09 

17.23 

33.  39 

5. 98 

17. 90 

16  to  17 

551. 22 

69.42 

12.  59 

39.  37 

5. 37 

13.  38- 

17  to  18 

620. 64 

59.  09 

9.52 

44. 14 

4. 54 

10.14= 

Left-hand 

Vital 

grip  at 

Amount  of 

Per  cent  of 

capacity  at 

Amount  of 

Per  cent  of 

beginning 

gain. 

gain. 

beginning 

gain. 

gain. 

of  year. 

of  year. 

C.c. 

C.c. 

Kilos. 

Kilos. 

6 to  7 

8.48 

1.63 

19.22 

1, 023 

145 

14.  ir 

7 to  8 

10. 11 

1. 56 

15.  43 

1.168 

148 

12. 67' 

8 to  9 

11.67 

1.80 

15. 42 

1,316 

153 

11.  62: 

9 to  10 

13.  47 

2.12 

15.  73 

1,469 

134 

9. 12 

10  to  11 

15. 59 

2. 13 

13. 66 

1,603 

129 

8.04= 

11  to  12 

17.  72 

1.99 

11.23 

1,732 

151 

8.71 

12  to  13 

19.  71 

2.80 

14.20 

1,883 

225 

11. 95* 

13  to  14 

22.  51 

3.71 

12.03 

2,108 

287 

13. 61 

14  to  15 

26.  22 

4.66 

17.77 

2,395 

302 

12.60 

15  to  16 

30. 88 

5.51 

17.84 

2, 697 

423 

15.  65 

16  to  17 

36.  39 

4.57 

12.55 

3,120 

363 

11.63- 

17  to  18 

40.96 

4. 05 

9.88 

3,483 

172 

4.90 

GIRLS. 


Age. 

Height 
at  begin- 
ning of 
year. 

Actual 

gain. 

Per  cent 
of  gain. 

Height 
sitting  at 
begin- 
ning of 
year. 

Actual 

gain. 

Per  cent 
of  gain. 

Weight 
at  begin- 
ning of 
year. 

Actual 

gain. 

Per  cent 
of  gain. 

6 to  7 ... 

Mm. 

1, 096.  6 

Mm. 

57.1 

5. 20 

Mm. 

617.0 

Mm. 

23.7 

3.84 

Kilos.  - 
18. 870 

Kilos. 

2.104 

11.15 

7 to  8 . . . 

1,153.7 

51.2 

4. 44 

640.7 

22.7 

3. 54 

20. 974 

2.036 

9.71 

8 to  9 ... 

1, 204. 9 

47.5 

3. 94 

663.4 

19.8 

2.98 

23. 010 

2. 247 

9. 77 

9 to  10  ... 

1, 252. 4 

48.3 

3.86 

683.2 

17.3 

2.53 

25. 257 

2. 538 

10.  05 

10  to  11  . . . 

1,300.7 

52.8 

4. 06 

700. 5 

21.8 

3.11 

27. 795 

2. 867 

10. 31 

11  to  12  . . . 

1, 353.  5 

59.6 

4.40 

722.3 

27.0 

3.74 

30. 662 

3.  711 

12. 10! 

12  to  13  ... 

1,413.1 

63.7 

4. 51 

749.3 

29.8 

3.98 

34.373 

4. 601 

13.38 

13  to  14  . . . 

1, 476. 8 

59.6 

4. 04 

779.1 

30.8 

3.95 

38. 974 

5. 245 

13.46- 

14  t(3  15 

1,536.4 

31.9 

2. 08 

809.9 

22.2 

2.  74 

44. 219 

3. 942 

8.91: 

15  to  16  ... 

1, 568. 3 

14.7 

.94 

832. 1 

13.3 

1.60 

48. 161 

2. 491 

5.17 

16  to  17  ... 

1,583.0 

9.6 

.61 

845. 4 

6.  6 

.78 

50. 652 

1.734 

3.  42- 

17  to  18  . . . 

1,592.6 

1.6 

.10 

852.0 

3.1 

.36 

52. 386 

.537 

1.03 

Age. 


Ergograph 
at  begin- 
ning of 
year. 

Actual 

gain. 

Kilos-cm. 

Kilos-cm. 

87.  79 

20.  21 

108. 00 

22. 24 

130. 24 

26.49 

156. 73 

24.25 

180. 98 

25.  92 

206. 90 

28.  02 

234. 92 

34. 97 

269.  89 

48.23 

318. 12 

31.71 

349.  83 

11.27 

361. 10 

9.64 

370.  74 

9.63 

Per  cent  of 
gain. 


Right- 
hand  grip 
at  begin- 
ning of 
year. 


Amount  of 
gain. 


Per  cent  of 
gain. 


6 to  7 

7 to  8 

8 to  9 

9 to  10 

10  to  11 

11  to  12 

12  to  13 

13  to  14 

14  to  15 

15  to  16 

16  to  A 

17  to  18 


23.02 
20. 59 
20. 34 
15. 47 
14.32 
13.55 
14. 89 
17.87 
9.97 
3.  22 
2. 67 
2.  60 


Kilos. 

8. 36 
9.88 
11.16 
12.  77 
14.65 
16.  54 
18.92 
21.84 
24.  79 
27.00 
28.70 
29.  56 


Kilos, 

1. 

1. 

1. 

1. 

1. 

2. 

2. 

2, 

2. 

1. 


18. 18- 

12.  90 
14.  43 

13.  9 4' 

12.  95 

14.  39’ 

15.  43 

13.  52. 
8.91 
6. 30- 
3. 00 
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Table  IV. — Annual  rate  of  increase — Continued. 


G I RLS — Continued . 


Age. 

Left-hand 
grip  at 
beginning 
of  year. 

Amount  of 
gain. 

Per  cent  of 
gain. 

Vital 

capacity  at 
beginning 
of  year. 

Amount  of 
gain. 

Per  cent  of 
gain. 

6 to  7 

Kilos. 

7.  74 

Kilos. 

1.50 

19.37 

C.c. 

950 

C.c. 

Ill 

11.68 

7 to  -8 

9.24 

1.24 

13. 42 

1, 061 

104 

9. 80 

8 to  9 

10.48 

1.49 

14. 21 

1, 165 

121 

10.39 

9 to  10 

11.97 

1.75 

14.62 

1, 286 

123 

9. 56 

10  to  11 

13.72 

1.80 

13.11 

1,409 

117 

8.30 

11  to  12 

15.52 

2.26 

14.56 

1,526 

1,664 

138 

9. 04 

12  to  13 

17.78 

2.  61 

14. 66 

163 

9.  79 

13  to  14 

20. 39 

2.53 

12. 40 

1,827 

187 

10. 24 

14  to  15 

22.92 

2.00 

8.  72 

2,014 

154 

7.64 

15  to  16. . 

24.92 

1.64 

6. 58 

2,168 

98 

4.52 

16  to  17 

26.56 

.87 

3. 27 

2,266 

53 

2.34 

17  to  18 

27. 43 

.23 

.85 

2,319 

24 

1.03 

THE  PHYSICAL  CONCOMITANTS  OF  DULLNESS  AND  PRECOCITY. 

The  tests  mentioned  so  far  are  physical,  but  mental  tests  made  by  the  teachers 
have  been  going  on  daily  for  years,  and  the  pupils  have  been  graded  on  an  intellec- 
tual basis;  and  the  psychological  value  of  the  tests  is  brought  out  when  we  compare 
the  intellectual  standing  of  the  jiupil  with  the  result  of  the  physical  tests.  For 
example,  the  12-year-old  pupils  are  scattered  throughout  the  grades  of  the  elemen- 
tary schools.  Some  are  found  in  the  second  grade,  some  in  the  third,  some  in  the 
fourth,  some  in  the  fifth,  some  in  the  sixth,  some  in  the  seventh,  and  some  in  the 
eighth.  On  compiling  the  results  of  the  physical  tests  it  is  found  that  the  12-year-old 
pupils  of  the  higher  grades  are  decidedly  superior  in  stature,  weight,  strength, 
endurance,  and  vital  capacity  to  those  found  in  the  lower  grades,  as  shown  by 
Table  V.  In  Dr.  Christopher’s  preliminary  report  similar  tables  were  given  in 
demonstration  of  this  problem,  originally  set  forth  in  reference  to  height  and  weight 
by  W.  Townsend  Porter.  They  were  based  upon  the  examination  of  only  138 
pupils  of  the  age  of  12  and  126  of  the  age  of  11.  The  table  here  given  is  based  upon 
the  examination  of  497  pupils  of  the  age  of  12.  To  show  how  decidedly  this  paral- 
lelism between  physical  superiority  and  mental  capacity  exists  throughout  school 
life  the  pupils  have  been  divided  into  two  groups — those  at  or  above  the  normal 
grade  for  that  age  representing  the  brighter  pupils,  and  those  below  the  normal 
grade  for  that  age  representing  the  backward  pupils.  The  normal  grade  for  a given 
age  was  found  by  subtracting  6 from  the  age;  thus,  a pupil  of  12  ' years  would 
normally  be  found  in  the  sixth  grade;  if  in  the  fifth  or  lower  grade  he  would  be 
classed  as  below  grade;  if  in  the  sixth,  seventh,  or  eighth  He  would  be  classed  as  at 
or  above  grade.  The  results  of  this  compilation  will  be  seen  in  Table  VI. 

That  those  below  grade  approach  so  closely  to  those  at  or  above  grade  will  be 
readily  understood  when  we  consider  that  the  great  majority  of  all  the  pupils  are 
but  little  above  or  below  grade — that  is,  but  little  removed  from  their  normal  grade. 

This  demonstration  of  the  physical  superiority  of  the  more  intelligent  pupils  does 
not  necessarily  imply  that  small  or  weak  men  are  always  less  efficient  mentally  than 
are  large  men,  but  it  does  seem  to  show  that  one  is  likely  to  attain  to  his  highest 
mental  development  only  as  he  reaches  the  physical  growth  and  development  which 
nature  has  marked  out  for  him.  It  suggests  that  those  in  charge  of  children  should 
see  that  the  normal  conditions  of  growth  and  development  are  not  interfered  with. 
To  the  parent  it  suggests  that  he  shnuld  keep  wide  open  the  path  of  growth  for  the 
child  by  securing  the  best  conditions  of  food,  shelter,  and  immunity  from  disease. 
Teachers  are  liable  to  interfere  with  the  conditions  of  growth  and  development  by 
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subjecting  the  pupils  to  overstimulation,  bad  air,  improper  temperatures,  and  too 
limited  an  amount  of  physical  exercise.  Everywhere  it  should  be  borne  in  mind 
that  childhood  should  be  sacred  to  growth  and  development. 

Table  Y. — Twelve-year-old  pupils,  by  grades. 


Grade. 

Number 

exam- 

ined. 

Average 

age. 

Average 

height. 

Average 

weight. 

Average 

ergo- 

graph. 

Average 
strength  of 
grip,  right 
hand. 

Average 
strength 
of  grip, 
left  hand. 

Average 

vital 

capacity. 

II  

III  

4 

19 

12-3-28 

12-5-23 

Mm. 

1 , 333 
1,377 

Kilos. 
29. 513 
33. 592 

Kilos-cm. 
233.0 
248. 7 

Kilos. 
16.75 
20. 03 

Kilos. 

16.50 

18.55 

C.c. 

1,488 

1,732 

IV 

84 

12-5-  2 

1,403 

34. 972 

271.3 

20.22 

18.  85 

1,742 

v 

184 

12-5-  9 

1,  422 

35. 596 
36. 136 

268.0 

271.0 

21.06 

21.40 

19.64 

20.12 

1,  790 
1, 887 

VI 

143 

12-5-20 

L 443 

VII 

95 

12-6-13 

1,451 

37. 150 

283.0 

22.  31 

20. 41 

1,947 

VIII 

18 

12-6-29 

1,443 

38. 453 

318.6 

23.31 

21.07 

3,053 

Table  VI. — Physical  development  and  school  standing. 


BOYS. 


<u 

Num-1 

ber 

tested. 

Average 

age. 

Height 

stand- 

ing. 

Height 

sitting. 

Weight. 

Ergo- 

graph. 

Right 

grip. 

Left 

grip. 

Vital 

capa- 

city. 

g 

/At  and  above  grade. . 

210 

8-5-25 

Mm. 

1,238 

Mm. 

679 

Kilos. 
25.  286 

Kilo-cm. 

170.1 

Kilos. 
13. 46 

Kilos. 

12.49 

G.  c. 
1,395 

1 Below 

45 

8-4-12 

1,210 

667 

23.  790 

155.2 

12. 05 

11.68 

1, 353 

9 

/At  and  above  grade.. 

151 

9-6-21 

1,300 

702 

27. 907 

209.4 

16. 12 

15. 32 

1,588 

) Below 

77 

9-5-2 

1, 264 

692 

26.  787 

198.2 

14. 59 

13.66 

1.472 

10 

J At  and  above  grade. . 

158 

10-6-1 

1, 340 

717 

30. 258 

240.5 

17.84 

16.62 

L670 

/Below 

96 

10-5-25 

1,314 

707 

29. 145 

225.7 

17.42 

16.52 

1,642 

11 

(At  and  above  grade. . 

125 

11-6-23 

1,376 

731 

32. 814 

270.6 

20.05 

18.64 

1,828 

/Below 

103 

11-5-25 

1,363 

727 

32. 180 

264.1 

19. 82 

18.82 

1,766 

12 

f At  and  above  grade. . 

130 

12-6-10 

1,436 

754 

36. 843 

306. 6 

23. 38 

21. 44 

2, 063 

/Below 

126 

12-5-4 

1.399 

740 

34. 370 

286.2 

21.38 

19. 70 

1,844 

13 

/At  and  above  grade. . 

117 

13-6-18 

1,  500 

782 

41.470 

372.4 

27. 42 

24.98 

2,334 

/Below 

113 

13-5-1 

1,475 

771 

39. 040 

341.5 

25. 07 

23. 38 

2, 163 

14 

/At  and  above  grade.. 

146 

14-6-3 

1,564 

815 

46. 218 

437.3 

30. 69 

28.31 

2,638 

/Below 

104 

14-5-2 

1,520 

793 

42. 775 

404.9 

29. 13 

27. 05 

2,  360 

15 

/At  and _above  grade. . 

125 

15-5-26 

1,622 

843 

51. 394 

507.8 

36.64 

33.54 

2,978 

80 

15-5-23 

1,599 

827 

50. 369 

515.9 

35. 79 

33.40 

2,749 

16 

/At  and  above  grade.. 

77 

16-5-28 

1,689 

881 

58. 246 

606.8 

43. 21 

39.86 

3,542 

/Below.. 

69 

16-4-25 

1,637 

859 

53. 289 

575.7 

40.  90 

37.69 

3, 165 

17 

/At  and  above  grade. . 

46 

17-5-14 

1,702 

897 

60. 417 

654.0 

47. 57 

43.60 

3,646 

/Below 

46 

17-5-24 

1, 677 

884 

58. 069 

648.7 

46.  23 

41.89 

3, 495 

18 

/Below 

23 

18-5-27 

1,  737 

917 

60.  971 

670. 0 

50.  53 

44.  82 

3,644 

17 

18-4-3 

1,726 

911 

64. 252 

723.8 

51.41 

48.17 

3,741 

GIRLS. 


8 

/At  and  above  grade. . 

187 

8-6-10 

1,238 

677 

24. 373 

147.4 

11.89 

11.16 

1,238 

/Below 

45 

8-4-26 

1, 195 

662 

22. 424 

120.2 

10. 73 

10.08 

1,113 

9 

/At  and  above  grade.. 

156 

9-6-15 

1,283 

693 

26.862 

174.9 

13. 94 

12. 97 

1,381 

/Below 

65 

9-4-29 

1,266 

688 

25.  769 

163.0 

13.  77 

13. 12 

1,308 

10 

/At  and  above  grade. . 

157 

10-6-5 

1,830 

711 

29. 289 

193.4 

15. 61 

14.  62 

1, 452 

/Below 

83 

10-4-5 

1,308 

704 

28. 365 

183. 8 

14. 91 

13.  98 

1, 465 

11 

/At  and  above  grade.. 

121 

11-5-25 

1,390 

738 

32.651 

223.7 

18.  04 

17. 16 

1,611 

/Below 

102 

11-5-5 

1,370 

731 

31.  516 

219.3 

17. 00 

15. 87 

1,560 

12 

/At  and  above  grade. . 

132 

12-5-27 

1,456 

767 

36. 655 

252. 4 

20. 38 

19. 12 

1,763 

/Below 

115 

12-5-10 

1,423 

756 

35.  958 

244.2 

19.  77 

18. 69 

1,6^5 

13 

/At  and  above  grade. . 

154 

13-7-3 

1,  526 

803 

42.673 

296.3 

23.94 

22. 10 

1,939 

/Beiow 

101 

13-5-13 

1,492 

788 

40. 036 

291.8 

23.08 

21.60 

1, 901 

14 

/At  and  above  grade. . 

226 

, 14-6-20 

1,572 

833 

48. 060 

347. 6 

26. 41 

24.22 

2, 160 

/Below 

75 

14-5-23 

1,539 

802 

44.  532 

332.9 

25.53 

23.81 

1,986 

15 

/At  and  above  grade. . 

314 

15-6-9 

1, 575 

842 

49. 745 

360. '7 

28.09 

25.96 

2, 255 

/Below 

65 

1.5-4-24 

1,564 

831 

47. 413 

336. 2 

27. 09 

25.  07 

2, 083 

16 

/At  and  above  grade. . 

182 

16-6-1.9 

1,599 

855 

53. 091 

389.3 

30. 01 

27.  79 

2, '340 

/Below 

172 

16-4-23 

1,  584 

848 

50.  773 

405.7 

28.  95 

26. 80 

2, 267 

17 

/At  and  above  grade. . 

132 

17-5-29 

1 , 602 

855 

53. 039 

373.4 

29. 97 

27. 23 

2,  331 

/Below 

119 

17-5-1 

1,590 

851 

51. 663 

366. 5 

29.  23 

26. 97 

2, 274 

18 

/At  grade 

63 

18-5-2 

1,597 

856 

53.  214 

387.2 

30. 15 

27.84 

2, 396 

/Below.... 

74 

18-4-19 

1,594 

858 

52.  846 

376.  7 

29. 57 

27.  69 

2,311 
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RIGHT-HANDEDNESS. 

Educators  have  long  been  divided  on  the  question  of  the  desirability  of  attempt- 
ing to  develop  ambidexterity  in  their  pupils.  One  class  maintains  that  4 ‘ all  want  of 
perfect  bilateral  symmetry  looks  away  from  perfect  sanity,”  that  ambidexterity  is 
the  ideal  condition,  both  in  regard  to  the  perfection  of  development  and  utility.  The 
other  class  maintains  that  a high  development  can  be  given  to  one  hand  only,  that 
the  left  hand  plays  the  most  useful  part  when  it  aids  and  supplements  the  action  of 
the  right.  Most  physical  exercises  prescribed  for  pupils  from  the  kindergarten 
through  the  high  school  have  aimed  at  overcoming  the  tendency  to  right-handed- 
ness, while  penmanship  and  manual  training  have  yielded  to  this  tendency.  This 
question,  like  most  educational  questions,  can  be  rightly  settled  only  upon  the  basis 
of  child-study  investigation. 

In  the  absence  of  any  term  corresponding  to  ambidexterity,  and  meaning  unequal 
ability  in  the  use  of  the  hands  without  indication  of  which  hand  is  the  superior,  the 
term  unidexterity  is  suggested. 

Reference  to  Table  I shows  that  the  children  on  the  average  are  unidextrous,  with 
the  right  hand  superior  at  the  time  they  enter  school,  and  that  the  unidexterity 
increases  during  the  early  years  of  adolescence.  It  has  long  been  known  by  those 
who  have  made  a study  of  the  localization  of  cerebral  function  that  there  is  a con- 
nection between  unidexterity  and  speech.  J.  Mark  Baldwin,  from  a study  of  his 
children  has  discovered  a parallelism  between  the  beginning  of  unidexterity  and  the 
beginning  of  speech  in  the  development  of  the  child.  Does  not  the  pubescent 
increase  in  unidexterity  parallel  the  change  of  voice?  In  his  report  of  last  year,  Dr. 
Christopher  intimated  that  the  marked  differentiation  in  the  strength  of  the  hands 
is  a pubescent  change,  but  the  small  number  of  pupils  involved  in  the  examination, 
and  the  consequent  irregularities  in  the  curves,  forbade  a definite  assertion  to  that 
effect.  The  larger  numbers  involved  in  the  present  discussion  justify  the  definite 
conclusion  that  the  phenomenon  is  a true  law  of  child  life. 

A glance  at  Table  Y will  show  that  the  more  advanced  of  the  12-year-old  pupils 
are  more  decidedly  unidextrous  than  are  the  backward  pupils  of  that  age.  That 
this  association  between  decided  unidexterity  and  intellectual  power  holds  good 
throughout  school  life  will  be  seen  by  a reference  to  Table  VII.  The  apparent 
exception  of  the  16-year-old  pupils  disappears  if  the  records  of  the  left-handed  pupils 
be  excluded.  Among  the  left-handed  pupils  at  or  above  grade,  the  average  strength 
of  grip  of  the  right  hand  is  91.8  per  cent  of  the  strength  of  the  left.  Of  the  left- 
handed  pupils  below  grade,  the  strength  of  the  right  hand  is  94  per  cent  of  that  of 
the  left.  On  the  whole,  the  brightest  are  more  decidedly  unidextrous  than  are  the 
average  pupils,  the  average  pupils  are  more  unidextrous  than  are  the  dull  pupils. 

Table  YII. — Right-handedness  and  school  standing. 


Age. 

Number 
of  pupils 
tested. 

Right- 

hand 

grip. 

Left- 

hand 

grip. 

Per  cent 
left  is  of 
right. 

8 

/ At  and  above  grade 

397 

12.72 

11.87 

93. 31 

(Below  grade 

90 

11.39 

10. 88 

95. 56 

1 At  and  above  grade 

307 

15.  00 

14.11 

94. 08 

9 

(Below  grade 

142 

14.22 

13.41 

94.32 

10 

J At  and  above  grade 

315 

16.  73 

15.63 

93. 43 

\Below  grade. 

179 

16.24 

15.  33 

94.40 

11 

/At  and  above  grade 

246 

19.  06 

17.  83 

93.  54 

(Below  grade 

205 

18.33 

17.27 

94. 22 

12 

/At  and  above  grade 

262 

21.87 

20. 28 

92.  73 

(Below  grade  _ _ 

241 

20. 35 

19.14 

94.05 

13 

/At  and  above  grade 

271 

25.44 

23.31 

91.74 

(Below  grade  : 

214 

24. 13 

22.  59 

93.60 

14 

/At  and  above  grade 

372 

28. 08 

25.83 

92.  00 

(Below  grade 

179 

27.31 

25.  55 

93. 56 

15 

j A t an  d a hove  grad  e.  _ _ 

439 

30.51 

28. 19 

92.  06 

(Below  grade 

145 

31.89 

29.  67 

93. 03 
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Table  VII. — Right-handedness  and  school  standing— Continued. 


Number 
of  pupils 
tested. 

Right- 

hand 

grip. 

Left- 

hand 

grip. 

Per  cent 
left  is  of 
right. 

JAt  and  above  grade 

259 

33. 95 

31.40 

92. 49 

\Below  grade 

241 

32.37 

29.93 

92.46 

| At  and  above  grade r 

178 

34.56 

31.40 

90. 86 

\Below  grade 

165 

33. 93 

31.09 

91.63 

JAt  gra  d e . . _ 

80 

34.48 

31. 50 

91.36 

(Below  grade 

97 

34. 75 

32. 55 

93.65 

GROWTH  ABNORMALITIES  AND  MOTOR  DEFECTS. 

On  the  back  of  each  card  was  printed  a list  of  abnormalities  of  growth  and  defec- 
tive movements,  as  follow 

Growth: 

Macrocephalic. 

Microcephalic. 

D olichocephalic . 

Brachycephalic. 

Cranial  asymmetry. 

Face  asymmetrical  as  to— 

Forehead. 

Nose. 

Eyes. 

Ears. 

Mouth. 

Forehead  retreating. 

Narrow. 

Palpebral  fissures  small. 

Epicanthis. 

Nasal  hones  sunken. 

Superior  maxillary  small. 

Inferior  maxillary  small. 

Hare  lip. 

Palate  cleft. 

Narrow. 

High. 

Asymmetrical. 

Ears  diminutive. 

Imperfectly  formed. 

Obesity. 

Bilateral  asymmetry. 

Spinal  curvature. 

Deformed  limbs. 

Crippled. 

When  the  child  came  in  the  room  to  take  the  tests  an  observer  carefully  inspected 
him  and  noted  the  growth  and  movement  abnormalities.  A slight  abnormality  was 
marked  with  one  X,  a more  decided  by  two,  a marked  abnormality  by  three,  and 
extreme  by  four.  The  results  of  this  inspection  are  shown  in  Tables  VIII  and  IX. 

It  is  found  that  the  dull  pupils  have  more  of  these  cranial  and  facial  asymmetries 
and  other  growth  peculiarities  than  the  bright  children.  From  the  study  of  move- 
ments of  children  it  is  found  that  the  dull  children  show  more  cases  of  imperfectly 
controlled  movement  than  are  found  among  the  brighter  children. 

The  John  Worthy  [reformatory  school]  boys  far  exceed  even  the  dull  pupils  of 
the  other  schools  both  in  the  average  number  of  growth  abnormalities  and  in  the 
number  of  motor  defects. 

All  this  forces  us  to  the  conclusion  that,  with  children,  a high,  symmetrical  intel- 
lectual development  is  likely  to  be  attained  only  when  there  is  an  approach  to 
physical  perfection. 


Movement: 

Quick. 

Sluggish. 

Bestless. 

Incoordina.ted. 

General  balance  relaxed. 
Asymmetrical  posture. 

Head  balance  asymmetrical. 
Lordosis. 

Over  action  of  frontals. 
Corrugation. 

Blinking. 

Incoordination  of  eyes. 
Immobility  of  eyes. 

Belaxed  orbicularis  oculi. 
Hand  balance  asymmetrical. 
Tense. 

Relaxed. 

Finger  twitches. 

Blushing. 

Pallor. 

Mouth  breathing. 

Defective  speech. 
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Table  VIII. — Growth  abnormalities. 


Age. 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

years. 

years. 

years. 

years. 

years. 

years. 

years. 

years. 

years. 

years. 

years. 

Number  examined . . . 

212 

171 

1 5 5 

131 

131 

132 

163 

1 

.33  | 

117 

77 

43 

Average  number  of 

abnormalities  seen 

in  pupil3  at  and 

above  grade 

4.6 

4.6 

4.9 

5.1 

4.0 

3.7 

4. 

1 

3.9 

3.7 

3-  7 

3. 1 

Number  examined  . . . 

g 

•7 

is 

118 

122 

146 

132 

' y3 

59 

134 

96 

55 

Average  number  of  abnormali- 

ties seen  in  pupils  below  grade. 

4.9 

4.6 

5.1 

5.5 

5.3 

5.7 

4.3 

4 

.3 

4.: 

3 

3.6 

3.  5 

TJnmW 

0 

10 

24 

54 

47 

65 

51 

24 

7 

Average  number  of  abnormal i- 

ties  seen  in  pupils 

of  John 

Worthy  School 

10 

7.9 

7.9 

8.6 

9.3 

8.9 

9 

. 7 

9,9 

10.3 

Mouth  breathing  Incoordination  of  eyes  Relaxed  orbicularis  oculi  Obesity 
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Table  IX. — Motor  defects . 


Age. 


8 

9 

10  | 

11  1 

12 

13 

14 

15 

16 

17 

I 18 

years,  years. 

years. 

lyears. 

years. 

years,  years. 

years. 

years. 

'years,  years. 

Number  examined 

212 

171 

155 

131 

131 

132 

163 

183 

117 

77 

43 

Average  number  of  motor  de- 

fects seen  in  pupils  at  and 
above  grade 

8.4 

3.6 

3.8 

4.1 

2.9 

2.4 

2.8 

3.2 

3.1 

2.9 

2.  4 

Number  examined 

57 

88 

118 

122 

146 

132 

93 

59 

134 

96 

55 

Average  number  of  motor  de- 

fects seen  in  pupils  below 
grade 

3.8 

4.1 

4.1 

4.6 

3.9 

3.  3 

3. 5 

3.0 

3.3 

3.2 

3.0 

Number  examined 

2 

10 

24 

54 

47 

65 

51 

24 

7 

Average  number  of  motor  de- 

fects seen  in  pupils  of  John 
Worthy  School 

10.0 

8.0 

8.2 

8.0 

8.1 

6. 67 

7.3 

7.5 

6. 3 

TESTS  OF  SIGHT. 

The  sight  of  the  pupils  was  tested  in  the  Kozminski,  Andersen,  and  Tennyson 
elementary  schools  and  the  Englewood  and  Lake  View  high  schools.  This  test  of 
visual  acuity  was  made  by  means  of  the  ordinary  Snellen’s  type,  the  test  cards  being 
selected  by  Dr.  Frank  Allport,  consulting  oculist  and  aurist  to  the  department  of 
child  study.  Well-lighted  rooms  were  used  for  these  tests.  In  testing  sight  the 
child  was  seated  in  a chair  placed  20  feet  away  from  the  test  chart,  and,  with  the 
left  eye  covered,  he  was  asked  to  begin  at  the  top  of  the  card  and  read  aloud  down 
the  card  as  far  as  he  could.  After  this  was  done  the  right  eye  was  covered  and  the 
left  eye  tested.  The  last  line  of  which  the  pupil  was  able  to  read  the  majority  of 
the  letters  showed  his  visual  acuity  for  the  eye  used.  Visual  acuity  was  recorded  by 
placing  the  number  representing  the  normal  reading  distance  of  the  last  line  which 
the  pupil  was  able  to  read  as  the  denominator  and  the  distance  from  which  it  was 
read  (20  feet)  as  the  numerator  of  a fraction.  Thus,  if  a child  seated  20  feet  from 
the  chart  could  read  the  majority  of  the  letters  of  the  line  normally  read  at  30  feet, 
but  could  not  read  a majority  of  the  letters  of  the  line  normally  read  at  20  feet,  he 
would  be  ft  in  visual  acuity  for  the  eye  tested. 

These  tests  were  made  without  spectacles  where  the  pupils  wore  glasses,*  as  the 
aim  was  to  find  the  number  with  subnormal  visual  acuity  for  each  year. 

Four  thousand  seven  hundred  and  sixty-five  pupils  were  tested — 2,030  boys,.  2;.735 
girls.  Thirty-five  per  cent  of  all  the  pupils  tested  were  found  defective- — 37  per  cent 
of  the  girls  and  32  per  cent  of  the  boys.  Thus  5 per  cent  more  of  the  girls  were 
found  to  be  defective  than  the  boys.  Table  X shows  something  of  the  results  of 
these  tests.  Thirty-two  per  cent  of  the  6-year-old  pupils  were  found  subnormal  in 
vision.  For  the  first  three  years  of  school  life  the  per  cent  of  those  defective  rapidly 
increases,  suggesting  that  the  school  work  of  that  period  is  hard  on  the  eyes  of  the 
pupils.  After  the  age  of  9 years  is  passed  the  per  cent  of  pupils  having  eye  defects 
decreases;  at  first  slowly,  then  more  rapidly  until  the  age  of  13  is  passed.  This 
decrease  in  the  per  cent  of  eye  defects  parallels  so  closely  the  period  of  rapid  growth 
and  development  that  the  improvement  may  be  considered  a manifestation  of  the 
improved  health  of  this  period  of  florid  growth.  The  slight  rise  at  14  is  probably 
due  to  the  larger  proportion  of  girls  found  in  the  high  schools  at  that  and  the  follow- 
ing years.  It  will  be  remembered  that  girls  have  a larger  per  cent  of  eye  defects 
than  boys. 
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Table  X. — School  life  and  sight. 


Age. 

Number 

tested. 

M and 
below. 

IS  and 
below. 

IS  and 
below. 

IS  and 
below. 

s2SS  and 
- below. 

6 

264 

32 

7 

4 

1 

0 

363 

35 

8 

4 

2 

1 

8 

351 

38 

13 

9 

3 

1 

9 

343 

44 

17 

11 

6 

1 

10 

364 

43 

18 

13 

9 

2 

11 :... 

385 

41 

17 

13 

8 

2 

12 

364 

36 

16 

14 

9 

2 

13 

373 

30 

14 

13 

9 

2 

14 

450 

32 

14 

13 

9 

3 

15 

521 

32 

15 

13 

9 

3 

16 

475 

32 

16 

13 

11 

4 

17 

339 

32 

16 

14 

12 

4 

18 

173 

32 

16 

13 

10 

8 

Defective  vision  and  school  standing. — The  influence  of  defective  vision  on  school 
standing  is  shown  in  Table  XI.  It  appears  that  on  the  average  a smaller  per  cent  of 
the  pupils  at  and  above  grade  have  defective  sight  than  those  below  grade.  The 
fact  that  the  reverse  is  true  during  the  first  two  years  led  to  an  investigation  which 
gave  quite  conclusive  evidence  that  the  increase  in  eye  defects  during  the  first  years 
of  school  life  is  due,  in  part  at  least,  to  school  conditions.  It  will  be  seen  that  8 and 
9 year  old  pupils  who  have  made  the  best  advancement  have  the  greater  per  cent  of 
eye  defects.  On  investigation  it  was  found  that  the  more  advanced  pupils  in  this 
case  had  on  the  whole  started  to  school  younger,  and  thi$  longer  time  at  school  is 
believed  to  account  for  both  the  advanced  standing  and  the  increased  number  of  those 
who  are  subnormal  in  visual  acuity. 


Table  XI. — School  standing  and  sight. 


Age. 

Number 

tested. 

Per  cent 
defective. 

8 

/At  and  above  grade 

296 

40 

/Rplow  grade  _ _ _ 

65 

32 

/At,  and  a.hove  grade , 

245 

47 

9 

1 Below  grade 

98 

34 

10 

/Aland  ahovegra.de  _ , 

220 

39 

/Below  grade, 

144 

48 

11 

/At  and  above  grade .* 

172 

39 

/Relow  pra.de  _ 

213 

43 

12 

/At  and  above  grade 

185 

34 

/Below  grade  

179 

40 

/Aland  ahovegra.de  _ 

206 

• 27 

13 

/Below  grade  - - 

167 

33 

/Ata11^  a hove  evade  - __ 

321 

32 

14 

/Relow  pra.de  . _ j 

129 

33 

15 

/At  and  above  grade 

436 

32 

/Relow  grade  

85 

34 

16 

/At  and  above  grade 

256 

31 

i Relow  grade  

219 

32 

/ A t gra  d e ......................... 

178 

30 

17 

/Relow  grade  

161 

33 

TESTS  OF  HEARING. 

blearing  was  tested  by  means  of  the  audiometer  invented  by  Prof.  C.  E.  Seashore, 
of  the  Iowa  State  -University,  and  described  fully  by  him  in  Studies  in  Psychology, 
Volume  II,  issued  from  that  university.  This  is  a piece  of  electric  apparatus  so  con- 
structed that  the  operator  can  vary  the  current  at  will,  producing  clicks  of  different 
degrees  of  loudness  in  the  telephone  receiver  held  at  the  subject’s  ear.  The  inten- 
sities of  the  current,  and  hence  intensities  of  the  sound  vibrations,  are  graded  arbi- 
trarily along  the  scale  from  1 to  40.  The  threshold  of  hearing  is  determined  by  pro- 
ducing a click  loud  enough  to  be  heard  clearly  by  the  subject  and  then  passing 
gradually  down  the  scale  until  the  click  becomes  so  slight  that  the  subject  can  not 
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hear  it.  The  figures  on  the  scale  at  the  point  producing  the  slightest  sound  that  can 
be  heard  is  taken  to  represent  the  subject’s  acuteness  of  hearing.  Because  the  click 
is  made  in  direct  contact  with  the  ear  of  the  subject,  external  noises  are  less  confusing 
than  is  the  case  with  most  tests  of  hearing;  nevertheless,  these  sounds  do  interfere 
somewhat,  and  on  this  account  the  quietest  room  in  the  building  was  always  selected 
for  these  tests. 

Table  XIII  is  based  on  tests  on  5,706  pupils. 

There  seems  to  be  no  decided  sex  difference  in  the  matter  of  hearing.  The  girls, 
on  the  whole,  are  found  to  have  about  1 per  cent  less  of  defective  ears  than  the  boys. 
Table  XIII,  on  hearing  defects  and  school  life,  bears  a striking  resemblance  to  the  cor- 
responding one  on  sight,  in  that  the  number  of  defects  increases  during  the  first  few 
years  of  school  life  and  then  the  number  gradually  decreases.  This  correspondence 
suggests  that,  in  part  at  least,  the  changes  may  be  due  to  a common  cause. 

Table  XIV,  in  reference  to  hearing  and  school  standing,  shows  the  decided  dis- 
advantage at  which  the  child  with  poor  hearing  is  placed. 

The  following  table  shows  the  per  cent  of  pupils  who  are  defective  in  hearing  by 
the  number  of  points  indicated: 

Table  XII. 


3 or  more 
points  be- 
low nor- 
mal. 

4 or  more 
points  be- 
low nor- 
mal. 

5 or  more 
points  be- 
low nor- 
mal. 

With  one  ear 

Per  cent. 

25.3 

12.3 

Per  cent. 
16.8 
6.8 

Per  cent. 
12. 2 
3.2 

With  both  ears  

From  this  table  it  appears  that  there  are  a large  number  of  pupils  whose  two  ears 
differ  in  hearing  power.  These  will  be  at  a decided  disadvantage  if  seated  on  the 
wrong  side  of  the  room. 

Table  XIII. — Hearing  defects  and  school  life — Pupils  with  dull  hearing. 


Age. 

Num- 

ber 

test- 

ed. 

3 or  more  points  below 
normal. 

4 or  more  points  below 
normal. 

5 or  more  points  below  • 
normal. 

In  one  ear. 

In  both  ears. 

In  one  ear. 

In  both  ears. 

In  on 

e ear.  jlnbothears. 

No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cent. 

No. 

Per 

cent. 

6 

341 

89 

26 

56 

' 16 

52 

15 

22 

6 

29 

9 

8 

2 

7 

452 

134 

30 

72 

16 

73 

16 

32 

7 

51 

11 

15 

3 

8 

481 

167 

35 

80 

17 

112 

23 

46 

10 

79 

16 

25 

5 

9 

444 

119 

27 

67 

15 

79 

18 

33 

7 

58 

11 

19 

4 

10 

493 

127 

26 

60 

12 

79 

16 

34 

7 

56 

11 

18 

4 

11 

450 

118 

26 

64 

14 

79 

18 

32 

7 

62 

14 

16 

4 

12 

499 

107 

22 

53 

11 

75 

15 

28 

6 

60 

12 

17 

4 

13 

484 

.105 

22 

48 

10 

74 

15 

32 

7 

60 

12 

16 

3 

14 

538 

• 128 

24 

56 

10 

89 

17 

32 

6 

58 

11 

13 

2 

15 

563 

139 

25 

51 

9 

94 

17 

34 

6 

66 

11 

20 

4 

16 

476 

104 

22 

50 

11 

73 

15 

36 

8 

60 

13 

24 

5 

17 

319 

64 

20 

33 

10 

49 

15 

24 

8 

36 

11 

16 

5 

18 

166 

45 

27 

12 

7 

35 

21 

7 

4 

21 

13 

2 

1 

5,706 

1,446 

702 

963 

392 

688 

209 
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Table  XIV. — Hearing  and  school  standing — Pupils  having  one  or  both  ears  defective  to  4 

points  below  normal. 


Age. 

Number 

tested. 

Number 

defective. 

Per  cent 
defective. 

138 

25 

18.1 

8 

85 

22 

25.8 

107 

18 

16.8 

9 

141 

32 

22.6 

10 

{Above  grade 

101 

6 

5.9 

{Below  grade 

178 

40 

22.4 

11 

{ Above  grade 

77 

10 

12.9 

{Below  grade 

205 

48 

23.4 

12 

/Above  grade 

118 

10 

8.4 

{Below  grade 

242 

45 

18.5 

13 

/Above  grade 

145 

20 

13.7 

{Below  grade 

213 

34 

15.7 

14 

{Above  grade 

248 

32 

12.9 

/Below  grade  

176 

86 

20.4 

15 

/Above  grade 

164 

32 

19.5 

{Below  grade  ; 

145 

32 

22.0 

16 

/Above  grade 

93 

12 

12.8 

{Below  grade - 

239 

38 

15.9 

17 

/Above  grade 

61 

9 

14.7 

{Below  grade 

162 

75 

27 

16.6 

18 

/At  grade  

13 

16.0 

{Rpl<Tvy  gra  d ft  T 

91 

23 

25.2 

CONCLUSIONS. 


Many  of  the  testa  and  measurements  which  this  department  has  made  are  prelimi- 
nary to  other  investigations,  which,  it  is  suggested,  should  be  carried  on  in  reference 
to  different  lines  of  mental  development,  methods  of  instruction,  and  school  adjust- 
ments. It  is  believed  that  the  utility  of  much  of  the  work  so  far  done  will  best 
appear  as  it  forms  a basis  for  these  future  investigations  and  compilations,  yet  there 
are  certain  truths  important  for  educational  theoiy  and  practice  which  have  been  so 
clearly  foreshadowed  as  to  warrant  their  being  set  forth  here. 

From  the  investigations  of  last  year  Dr.  Christopher  formulated  the  following 
deductions: 

1.  In  general  there  is  a distinct  relationship  in  children  between  physical  condition 
and  intellectual  capacity,  the  latter  varying  directly  as  the  former. 

2.  The  endurance  (ergographic  wTork)  of  boys  is  greater  than  that  of  girls  at  all 
ages,  and  the  difference  seems  to  increase  after  the  age  of  nine. 

3.  There  are  certain  anthropometric  indications  which  warrant  a careful  and  thor- 
ough investigation  into  the  subject  of  coeducation  in  the  upper  grammar  grades. 

4.  Physical  condition  should  be  made  a factor  in  the  grading  of  children  for  school 
work,  and  especially  for  the  entrance  into  the  first  grade. 

5.  The  great  extremes  in  physical  condition  of  pupils  in  the  upper  grammar  grades 
make  it  desirable  to  introduce  great  elasticity  into  the  work  of  these  grades. 

6.  The  classes  in  physical  culture  should  be  graded  on  a physical  instead  of  an 
intellectual  basis. 

The  work  this  year,  so  far  as  it  relates  to  them,  confirmed  these  deductions,  except 
as  to  the  age  whip  great  differentiation  of  the  sexes  in  endurance  begins.  To  these 
certain  other  conclusions  are  added,  not  as  settled  beyond  any  possibility  of  modifi- 
cation, but  yet  as  being  fairly  indicated  by  these  tests. 

1.  The  pubescent  period  is  characterized  by  great  and  rapid  changes  in  height, 
weight,  strength  of  grip,  vital  capacity,  and  endurance.  There  seems  to  accompany 
this  physical  activity  a corresponding  intellectual  and  emotional  activity.  It  there- 
fore is  a period  wrhen  broad  educational  influences  are  most  needed.  From  the 
pedagogic  standpoint  it  is  preeminently  a time  for  character  building. 

2.  The  pubescent  period  is  characterized  by  extensive  range  of  all  physical  features 
of  the  individuals  in  it.  Hence,  although  a period  fit  for  great  activity  of  the  mass 
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of  children,  it  is  also  one  of  numerous  individual  exceptions  to  this  general  law.' 
During  this  period  a greater  per  cent  of  individuals  than  usual  pass  beyond  the  range 
of  normal  limits  set  by  the  mass.  It  is  a time,  therefore,  when  the  weak  fail  and  the 
able  forge  to  the  front,  and  hence  calls  for  a higher  degree  than  usual  of  individuali- 
zation of  educational  work  and  influence. 

3.  Unidexterity  is  a normal  condition.  Rapid  and  marked  accentuation  of  uni- 
dexterity is  a pubescent  change.  On  the  whole  there  is  a direct  relationship  between 
the  degree  of  unidexterity  and  the  intellectual  progress  of  the  pupil.  At  any  given 
age  of  school  life  bright  or  advanced  pupils  tend  toward  accentuated  unidexterity 
and  dull  or  backward  pupils  tend  toward  ambidexterity.  The  pupils  of  the  John 
Worthy  (Bridewell)  School  are  more  nearly  ambidextrous  than  even  the  backward 
pupils  of  the  ordinary  schools.  Training  in  ambidexterity  is  training  contrary  to  a 
law  of  child  life. 

4.  Boys  of  school  age  at  the  Bridewell  are  inferior  in  all  physical  measurements  to 
boys  in  the  ordinary  schools,  and  this  inferiority  seems  to  increase  with  age. 

5.  Defects  of  sight  and  hearing  are  more  numerous  among  the  dull  and  backward 
pupils.  These  defects  should  be  taken  into  consideration  in  the  seating  of  pupils. 
Only  by  removing  the  defects  can  the  best  advancement  of  the  pupils  be  secured. 

6.  The  number  of  eye  and  ear  defects  increases  during  the  first  years  of  school  life. 
The  causes  of  this  increase  should  be  investigated  and  as  far  as  possible  removed. 

7.  There  are  certain  parts  of  the  school  day  when  pupils,  on  the  average,  have  a 
higher  storage  of  energy  than  at  other  periods.  These  periods  should  be  utilized  for 
the  highest  forms  of  educational  work. 

8.  The  stature  of  boys  is  greater  than  that  of  girls  up  to  the  age  of  11,  when  the 
girls  surpass  the  boys  and  remain  greater  in  stature  up  to  the  age  of  14.  After  14  girls 
increase  in  stature  very  slowly  and  very  slightly,  while  boys  continue  to  increase  rap- 
idly until  18. 

9.  The  weight  of  the  girl  surpasses  that  of  the  boy  about  a year  later  than  her 
stature  surpasses  his,  and  she  maintains  her  superiority  in  weight  to  a later  period  of 
time  than  she  maintains  her  superiority  in  height. 

10.  In  height  sitting  girls  surpass  boys  at  the  same  age  as  in  stature,  viz,  11  years, 
but  they 'maintain  their  superiority  in  this  measurement  for  one  year  longer  than 
they  do  in  Stature,  which  indicates  that  the  more  rapid  growth  of  the  boy  at  this  age 
is  in  the  lower  extremities  rather  than  in  the  trunk. 

11.  Commencing  at  the  age  of  13,  strength  of  grip  in  boys  shows  a marked  accen- 
tuation in  its  rate  of  increase,  and  this  increase  continues  as  far  as  our  observations 
extend,  viz,  to  the  age  of  20.  In  girls  no  such  great  acceleration  in  muscular  strength 
at  puberty  occurs,  and  after  16  there  is  little  increase  in  strength  of  grip.  The  well- 
known  muscular  differentiation  of  the  sexes  practically  begins  at  13. 

12.  As  with  strength  of  grip,  so  with  endurance  as  measured  by  the  erg’ograph, 
boys  surpass  girls  at  all  ages,  and  this  differentiation  becomes  very  marked  after  the 
age  of  14,  after  wrhich  age  girls  increase  in  strength  and  endurance  but  very  slightly, 
while  after  14  boys  acquire  almost  exactly  half  of  the  total  power  in  these  two  fea- 
tures which  they  acquire  in  the  first  twenty  years  of  life. 

13.  The  development  .of  vital  capacity  bears  a striking  resemblance  to  that  of  endur- 
ance, the  curves  representing  the  two  being  almost  identical. 


[From  report  of  Director  Fred  W.  Smedley  for  1900-1901.] 

SCHOOL  DESKS. 

At  the  beginning  of  the  school  year  we  were  directed  by  the  committee  on  child 
study  and  pedagogical  investigation  of  the  board  of  education  to  determine  what 
sizes  of  desks  are  best  suited  to  the  pupils  of  each  of  the  different  grades  and  what 
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proportion  of  the  desks  should  he  adjustable.  It  is  well  known  that  an  ill-fitting 
desk  impedes  circulation,  causes  unhealthful  postures,  muscular  strain,  fatigue,  and 
in  time  even  spinal  curvature.  The  discomfort  engendered  distracts  the  attention 
and  interferes  with  the  best  conditions  of  school  work.  Some  cities  have  met  this 
problem 'by  having  all  of  the  desks  adjustable;  but  as  adjustable  desks  are  more 
expensive,  and  as  it  had  been  found  troublesome  to  adjust  a large  number  of  desks, 
the  Chicago  board  of  education  adopted  the  policy  of  having  only  a portion  of  the 
desks  adjustable.  These  measurements  were  undertaken  to  guide  in  the  future  pur- 
chase of  desks.  The  measurements  which  we  had  previously  taken  of  nearly  7,000 
pupils  were  supplemented  by  special  measurements,  taken  chiefly  at  the  Alcott 
School.  This  gave  us  data  for  determining  the  matter  upon  a broad  basis.  The 
result  of  this  investigation  appears  in  the  following  report  presented  by  Dr.  W.  S. 
Christopher,  chairman  of  the  committee,  to  the  board  of  education  and  adopted  by 
them  on  September  19,  1900: 

The  committee  on  child-study  and  pedagogical  investigation  beg  to  report  that  at 
the  opening  of  schools  this  fall  it  had  observations  made  to  determine  the  varying 
sizes  of  children  which  the  several  sizes  of  desks  used  can  accommodate.  Different 
children  were  placed  in  each  desk  until  there  was  determined  with  reference  to  each 
desk  the  stature  of  the  shortest  pupil  and  the  stature  of  the  tallest  pupil  who  could 
be  properly  accommodated  by  that  desk. 

The  results  were  as  follows: 

TABLE  i. 


Desk  number. 

Height 
of  seat. 

Maximum 

stature 

accommo- 

dated. 

Minimum 

stature 

accommo- 

dated. 

1 

Inches. 

17 

Mm. 

1,865 

1,740 

Mm. 

1,555 

2 

16 

1,470 

3 

15 

1,620 

1,500 

1,370 

4 

14 

1,275 

5 

13 

1,382 

1,190 

6 

12 

1,  270 

1,130 

The  adjustable  desks  supplied  under  the  existing  contracts  are  known  as — 

Al,  with  seat  adjustable  from  15J  to  17 J inches. 

Bl,  with  seat  adjustable  from  13J  to  15J  inches. 

Cl,  with  seat  adjustable  from  12  to  14  inches. 

The  measurements  which  have  been  made  by  this  department  since  itsinaugura- 
tion  supplied  the  material  necessary  to  determine  what  percentage  of  pupils  in  each 
grade  could  be  provided  with  a fixed  desk,  what  size  desk  could  accommodate  the 
largest  percentage  of  those  pupils,  and  which  adjustable  desk  and  how  many  should 
be  supplied. 

This  information  is  given  in  the  following  table: 


TABLE  II. 


Grade. 

Desk 

number. 

Per  cent  of  pu- 
pils of  this 
grade  of  stature 
below  mini- 
mum for  this 
desk. 

Per  cent  of  pu- 
pils of  this 
grade  of  stature 
within  limits 
accommodated 
by  this  desk. 

Per  cent  of  pu- 
pils of  this 
grade  of  stature 
above  maxi- 
mum for  this 
desk. 

High  sehnnl 

1 

15. 87 

83.78 

0.35 

Eighth 

2 

10. 75 

86. 56 

2. 69 

Seventh  

3 

4.18 

78.07 

17. 75 

Sixth 

3 

11.06 

83.  53 

5.41 

Fifth  

4 

3.07 

81.55 

15. 36 

Fourth  

4 

8.  75 

87  04 

4.21 

Third  -■ 

5 

3.50 

82. 91 

13.59 

Reermri  

5 

19. 97 

77.50 

2. 53 

First  

6 

25.77 

72. 42 

1.80 
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From  information  obtained  from  the  business  manager  we  find  that  at  present  the 
grades  are  supplied  with  desks  as  follows:  High  schools,  No.  1;  eighth  grade,  No.  2; 
seventh  grade,  No.  2;  sixth  grade,  No.  3;  fifth  grade,  No.  3;  fourth  grade,  No.  3; 
third  grade,  No.  4;  second  grade,  No.  4;  first  grade,  No.  5;  first  grade,  No.  6. 

From  which  it  would  appear  that  grades  7,  5,  4,  3,  2,  and  part  of  the  first  are  sup- 
plied with  sizes  too  large  to  accommodate  properly  the  largest  percentage  of  pupils. 

It  furthermore  appears  that  in  the  first  grade  the  smallest  size  desk  now  supplied, 
which  is  the  same  whether  stationary  or  adjustable  desks  be  considered,  is  too  large 
for  more  than  25  per  cent  of  the  pupils. 

In  view  of  the  foregoing,  your  committee  respectfully  recommends: 

1.  That  the  several  grades  be  supplied  with  stationary  and  adjustable  desks  in 
dimensions  and  percentages  as  follows: 

TABLE  III. 


Grade. 

Per  cent  of 
stationary 
desks. 

Dimen- 

sions. 

Per  cent  of 
adjustable 
desks. 

Dimensions. 

High  school 

85 

1 

15 

A1 

Eighth - 

85 

2 

15 

A1 

Seventh  

75 

8 

25 

B1 

Sixth 

80 

3 

20 

B1 

Fifth  

80 

4 

20 

B1 

Fourth  

85 

4 

15 

El 

Third 

80 

5 

20 

, Cl 

Second 

75 

5 

25 

Cl 

The  committee  further  recommended  that  in  view  of  the  fact  that  26  per  cent  of 
the  pupils  in  the  first  grade  are  too  small  to  be  accommodated  by  any  desk  now  pur- 
chased by  the  board,  the  committee  on  buildings  and  grounds  be  requested  to  secure 
bids  for  an  adjustable  desk  whose  seat  shall  be  adjustable  from  10  to  12  inches,  and 
that  when  such  desks  are  obtained  the  first-grade  rooms  be  supplied  with  30  per 
cent  of  such  adjustable  desks  and  70  per  cent  of  desks  No.  6. 

THE  CHILD-STUDY  LABORATORY. 

On  most  of  the  Saturdays  during  the  school  year  the  members  of  the  child-study 
department  have  had  their  time  occupied  in  the  examination  of  children  brought  to 
the  laboratory  by  teachers  and  parents.  Almost  every  wide-awake  teacher  meets 
with  problems  in  the  management  of  children  in  which  more  certain  and  definite 
knowledge  of  the  child’s  condition  will  be  of  great  assistance.  At  the  child-study 
laboratory  trained  observers  of  children,  using  instruments  of  precision,  can  often 
quickly  point  out  wherein  a given  child  differs  from  the  ordinary  child.  When  such 
a variation  is  injurious,  some  regime  may  be  suggested  which  will  tend  to  correct 
the  defect.  Many  children  are  misunderstood.  Parents  often  have  a very  wrong 
estimation  of  how  their  child  compares  with  others.  Many  of  the  children  were 
brought  to  the  laboratory  as  a result  of  a difference  of  opinion  between  parents  and 
teachers  in  regard  to  the  child’s  ability. 

While  all  principals  have  not  made  equal  use  of  the  laboratory,  yet  pupils  from 
over  60  schools  have  sought  its  assistance.  The  300  children  brought  to  the  child- 
study  laboratory  during  the  past  year  presented  a large  variety  of  problems.  Many 
parents  and  teachers  have  brought  children  here  to  learn  the  nature  and  extent  of 
their  sensory  defects.  Very  bright  children  have  been  brought  to  the  laboratory  to 
determine  whether  the  phenomenal  progress  which  they  have  been  making  is  at  the 
expense  of  their  physical  well-being.  Principals  have  brought  their  own  children 
to  know  how  they  compare  with  the  average  children  of  the  same  age,  in  order  that 
these  children,  whom  they  know  best  of  all,  may  form  a basis  for  their  estimation  of 
other  children.  Children  who  had  failed  to  make  progress  in  certain  studies  were 
presented  to  determine  what  the  physical  or  mental  cause  of  their  special  deficien- 
cies might  be.  Peculiar  children  were  brought  to  determine  whether  the  work  of 
the  kindergarten  or  of  the  primary  school  would  best  answer  their  needs.  Children 
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with  very  defective  sight  were  examined  and  decision  made  as  to  whether  the  ordi- 
nary school  or  the  department  of  the  blind  was  best  suited  for  them.  Similar  work 
was  done  with  those  with  defective  hearing.  High  school  pupils,  in  order  that  they 
might  choose  their  course  of  study  wisely,  have  sought  our  opinion  as  to  whether 
certain  deformities  would  prevent  their  passing  the  physical  examination  for  enter- 
ing the  normal  school.  Teachers  have  brought  pupils  with  speech  defects  to  the 
laboratory  in  order  to  learn  more  about  the  nature  and  causes  of  the  defects  and  how 
they  best  could  be  removed.  Many  dull,  nervous,  and  frail  children  have  been 
brought  in.  Sometimes  the  child’s  needs  demanded  medical  or  surgical  treatment, 
and  he  was  referred  to  the  family  physician  or  a dispensary.  Usually  a hygienic 
and  educational  regime  was  most  demanded. 

THE  JOHN  WORTHY  SCHOOL. 

In  order  to  secure  a broader  basis  for  conclusions  concerning  the  class  of  boys 
represented  by  the  John  Worthy  School,  the  school  in  connection  with  the  house  of 
correction,  tests  and  measurements  were  again  taken  on  the  inmates,  317  in  all. 
Seventy  of  these  pupils  had  been  measured  last  year,  and  the  data  from  testing  them 
were  allowed  to  count  again  in  the  compilation  here  presented,  which  includes  the 
work  of  both  years.  As  seen  from  Table  IV,  the  addition  of  these  data  from  the 
examination  of  247  new  subjects  tends  to  confirm  the  conclusions  of  last  year.  The 
John  Worthy  boys  are  inferior  in  all  the  principal  measurements  taken,  and  this 
inferiority  increases  with  age. 


Table  IV. — Comparison  of  the  John  Worthy  averages  with  the  norms. 
NET  HEIGHT. 


Age. 

Num- 

ber. 

John 

Worthy 

average. 

Normal. 

Per  cent 
John 
Worthy  is 
of  normal. 

9 

G 

Mm. 

1,308 

Mm. 

1,289 

101.47 

19  

25 

1,318 

1,330 

99.  09 

11  

51 

1,335 

1,370 

1,418 

97.44 

12  

99 

1,380 

97.32 

13  

114 

1,424 

1,461 

1,488 

1,546 

95.  79 

14  

144 

94.50 

15  

111 

1,512 

1,613 

1,665 

93.73 

16  

37 

1,531 

91  96 

17  

14 

1,568 

1,690 

92.  78 

HEIGHT,  SITTING. 

9 

6 

699 

699 

100. 00 

10  

25 

712 

713 

99.86 

11  

51 

717 

729 

98.  34 

12  - 

99 

740 

747 

99.  06 

13  

114 

754 

777 

97.  04 

14  

144 

768 

806 

95. 28 

15  

111 

784 

837 

93.  G7 

15  

37 

795 

871 

91.27 

17  

14 

819 

891 

91.91 

WEIGHT. 

9 . 

6 

Kilos. 
28. 825 

Kilos. 
27. 616 

104. 37 

10 

25 

31. 148 

29. 837 

104.  39 

11  

51 

32. 422 

32.  519 

99.  70 

12 

99 

34. 459 

35. 626 

96.  72 

13  

114 

37. 394 

40. 276 

92.  84 

14  . . 

144 

39. 083 

44. 786 

87. 26 

15 

111 

44. 065 

50.  994 

86.  41 

16  . 

o7 

44.  751 

55. 219 

81.04 

17  ...  

14 

46. 025 

59. 343 

77.55 
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Table  IV. — Comparison  of  the  John  Worthy  averages  with  the  norms — Continued. 

GRIP. 


Right  hand. 

Left  hand. 

Age. 

Num- 

ber. 

John 

Worthy. 

Normal. 

Per  cent 
John 
Worthy  is 
of  normal. 

John 

Worthy. 

Normal. 

Per  cent 
John 
Worthy  is 
of  normal. 

9.... 

6 

Kilos. 

14.9 

Kilos. 

15.4 

96. 81 

Kilos. 

14.4 

Kilos. 

14.5 

99. 03 

10 

25 

15.7 

17.7 

88. 89 

15.1 

16.6 

96. 03 

11 

51 

- 17.2 

19.9 

86. 25 

16.5 

18.7 

86.53 

12 

99 

19.1 

22.4 

85.26 

18.3 

20.6 

88. 92 

13 

114 

19.7 

26.3 

75. 01 

19.1 

24.2 

78. 82 

14 

144 

22.2 

30.7 

72. 31 

21.3 

27.9 

76.23 

15 

111 

26.  0 

86.3 

71.62 

24.8 

33.6 

73. 69 

16 

37 

27.2 

42.1 

64.55 

26.6 

38.8 

68.52 

17 

14 

28.5 

46.9 

63. 20 

27.7 

42.7 

64.83 

ERGOGRAPHIC  WORK. 


Age. 

Num- 

ber. 

John 

Worthy 

average. 

Normal. 

Per  cent 
John 
Worthy  is 
of  normal. 

9 

6 

Kilo-cm. 

167.1 

Kilo-cm. 

205.6 

81. 27 
85. 10 

10 

25 

200.0 

235.0 

11 

51 

222.  6 

267.  7 

83. 15 

12 

99 

250.  7 

297.8 

84. 19 

13 

114 

288.5 

359.2 

80.  31 

14 

144 

314.0 

423.8 

74. 09 
74. 46 

15 

111 

382.4 

513.5 

16 

37 

377.9 

584. 7 

64  63 

17 

14 

387.8 

651.4 

59.  53 

VITAL  CAPACITY. 


9 

10 

11 

12 

13 

14 

15 

16 
17 


6 

C.  c. 

1,566 

C.  c. 
1,549 

101. 09 

25 

1,657 

1,659 

99. 87 

51 

1,669 

1,799 

92.  77 

99 

1,763 

1,956 

90. 13 

114 

2,000 

2,246 

89.04 

144 

2, 239 

2, 527 

88. 60 

111 

2,413 

2, 858 

84. 42 

37 

2,488 

3, 363 

73.97 

14 

2,  660 

3, 570 

74. 50 

PERCENTILES. 

The  large  addition  to  the  numbers  that  have  been  measured  and  tested  has  per- 
mitted our  classification  of  the  results  into  percentile  groups  in  reference  to  height, 
weight,  strength  of  grip,  and  vital  capacity.  Tables  have  thus  been  produced  which 
will  be  of  especial  service  in  the  child-study  laboratory  and  of  value  to  all  who  make 
a study  of  individual  children.  By  means  of  these  tables  one  can  determine  closely 
how  a given  child  compares  with  others  of  his  age.  These  percentiles  have  been 
obtained  in  the  following  manner:  The  individual  cards  on  which  the  measurements 
were  recorded  when  the  child  was  tested  were  arranged  according  to  the  size  of  the 
pupils  in  each  measurement,  grouped  separately  for  each  age  in  years.  The  mini- 
mum measurement  in  each  such  group  gave  the  zero  percentile  for  that  group.  To 
determine  the  10  percentile  for  that  group  10  per  cent  of  the  number  of  cards  was 
removed,  beginning  at  the  minimal  end,  and  the  highest  measurement  on  the 
cards  so  removed  was  recorded  as  the  desired  10  percentile.  Similarly  the  other 
percentiles  were  determined,  the  maximum  measurement  being  recorded  as  the 
100  percentile. 
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Table  V. — Percentiles. 
FOUR- YEAR-OLD  BOYS. 


[Number  of  cases,  58.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

100 

Mm. 

1,165 

1,096 

1,063 

Mm. 

624 

Kilos. 
21. 600 

Kilos. 

11.0 

Kilos. 

10.5 

C.  c. 
1,050 

90  

614 

20.  375 

9.0 

8.5 

8^5 

80 

610 

18. 775 

8.0 

7.5 

800 

70  

1,038 

1,029 

598 

17. 850 

7.25 

7.0 

800 

60 

593 

17.  275 

7.0 

6.0 

750 

50  

1,018 

1,010 

997 

587 

17. 000 

6.0 

6.0 

700 

40 

583 

16. 600 

5,  5 

5.0 

700 

30  

578 

16.  250 

5.0 

4.5 

650 

20 

986 

568 

15. 875 

4.0 

4.0 

600 

10 

964 

554 

14. 550 

3.5 

3.0 

600 

0 

866 

502 

12. 900 

3.0 

2.0 

500 

FIVE-YEAR-OLD  BOYS. 


[Number  of  cases,  123.] 


100 

1,183 

697 

26. 650 

16.0 

15.5 

1,250 

90 , 

1, 124 

643 

21.  550 

11.0 

11.0 

1,075 

80 

1,112 

630 

20. 100 

10.0 

9.5 

1,000 

70 

1,100 

625 

19. 350 

10.0 

9.0 

1,000 

60 

1,090 

617 

18. 750 

9.25 

8.75 

950 

50 

1,079 

612 

18. 475 

9.0 

8.0 

900 

40 

1,065 

606 

17. 950 

8.0 

7.5 

900 

30... 

1,055 

601 

17. 600 

7.0 

7.0 

850 

20 

1,045 

595 

17. 075 

6.5 

6.0 

800 

10 

1,030 

588 

16. 675 

5.0 

4.5 

750 

0 

969 

550 

13. 725 

4.0 

3.0 

650 

SIX-YEAR-OLD  BOYS. 
[Number  of  cases,  341.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Work  on 
ergograph. 

100 

Mm. 

1,289 

Mm. 

707 

Kilos. 
29. 600 

Kilos. 

16.5 

Kilos. 

16.5 

C.c. 

1, 600 

Kilos-cm. 
193.  5 

90  

1,200 

1,179 

688 

23. 525 

13.5 

13.0 

1,325 

149.8 

80 

657 

22. 725 

12.0 

11.5 

1, 225 

134.9 

70  

1,159 

1,148 

648 

21. 950 

11.5 

11.0 

1,200 

124.5 

60 

641 

21. 100 

11.0 

10.5 

1,125 

114.8 

50  

1, 135 
1,123 

635 

20. 475 

10.5 

10.0 

1,  l'OO 

105.0 

40 

630 

20. 050 

10.0 

9.5 

1, 075 

99.2 

30  

1,112 

623 

19.  575 

10.0 

9.0 

1,000 

85.4 

20 

1,093 

616 

19. 050 

9.0 

8. 0* 

975 

75.6 

10  

1,067 

988 

603 

18. 275 

8.0 

7.0 

900 

63.0 

o 

568 

15. 875 

5.0 

4.0 

700 

32.4 

SEVEN-YEAR-OLD  BOYS. 


[Number  of  cases,  432.] 


100 , 

1,360 

732 

32. 025 

20.0 

20.0 

1,750 

284.0 

90 

1,248 

689 

25. 600 

15.0 

14.5 

1,475 

190.1 

80 : 

1,225 

679 

24.  500 

14.0 

13.0 

1,400 

174.5 

70 

1,212 

670 

23. 800 

13.0 

12.5 

1,3.00 

160.0 

60 

1,200 

664 

23. 000 

12.5 

12.0 

1.300 

145.5 

50 

1,190 

658 

22. 450 

12.0 

11.5 

L225 

136.4 

40 

1,172 

652 

21.900 

11.5 

11.0 

1,200 

128.0 

30...., 

1,163 

644 

21. 200 

11.0 

10.5 

1, 150 

117.6 

20 

1,146 

638 

20. 650 

10.0 

10.0 

1.100 

107.2 

10 

1, 125 

626 

19. 850 

9.0 

9.0 

1,  000 

95.0 

0 

1,036 

587 

17. 000 

5.0 

5.0 

700 

46.5 

CHILD  STUDY  IK  CHICAGO, 
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Table  V. — Percentiles — Continued. 
EIGHT- YEAR-OLD  BOYS. 


[Number  of  cases,  428.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Work  on 
ergograph. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

C.  c. 

Kilos-cm. 

100 

1,382 

756 

62.  200 

24.0 

22. 0 

2, 100 

324. 0 

90 

1,320 

710 

28. 800 

18.0 

17.0 

1,700 

232. 2 

80 

1,278 

700 

27. 100 

16.5 

15.  5 

1,575 

208.0 

70 

1,262 

690 

26. 025 

15.  0 

14.0 

1, 500 

195.8 

60 

1,245 

683 

25. 300 

14.5 

13.5 

1,400 

180. 0 

50 

1,230 

676 

24.  300 

13.5 

13.0 

1,350 

170.0 

40 

1,216 

670 

23.  900 

13.0 

12.0 

1,300 

157.7 

30 

1, 201 

662 

23. 175 

12.0 

11.0 

1,250 

142.0 

20 

1,185 

653 

22. 350 

11.0 

10.0 

1,200 

127.5 

10 

1,161 

642 

21. 450 

10.0 

9.0 

1,100 

112.  2 

0 

1,097 

607 

17. 900 

7.0 

7.0 

800 

46.8 

NINE- YEAR-OLD  BOYS. 


[Number  of  cases,  373.] 


100... 

1,478 

1,369 

786 

38.600 

30.0 

25.0 

2,250 
1,850-; 
1,700 
. 1,625 
1,600 
1,500 
1,450 
1,400 

391.  a 

90 

733 

31. 575 

20.0 

19.0 

287.3- 

80.... 

1,336 

1,316 

1,299 

722 

30. 000 

18.0 

17.5 

250.0 

70 

713 

29. 025 

17.0 

16.0 

234.0 

60 

706 

28. 125 

16.5 

15.0 

219.3 

50 

1,285 

1,274 

697 

27. 200 

16.0 

15.0 

205.2 

40 

690 

26. 500 

15.0 

14.0 

187.5 

30 

1,261 

683 

25. 575 

14.0 

13.0 

174.  0 

20 

1,243 

674 

24. 800 

13.0 

12.0 

1,300 

160.0 

10 

1,214 

664 

23. 650 

11.5 

11.0 

1,225 

140.  6- 

0 

1,072 

585 

20. 000 

8.0 

7.0 

850 

88.0 

TEN-YEAR-OLD  BOYS. 


[Number  of  cases,  399.] 


100 

1,479 

780 

50. 400 

32.0 

26.5 

2, 750 

525.  0 

90 

1,415 

1,380 

1,362 

1,345 

746 

34.500 

22.0 

20.0 

2,000 

326.5 

80... 

735 

32. 525 

20.0 

19.0 

1,900 

1,800 

1,700 

292.  O' 

70 

726 

31.400 

19.0 

18.0 

275.  0 

60 

720 

30.  200 

18.0 

17.0 

254. 1 

50 

1,332 

714 

29. 450 

17.  0 

16.0 

1,650 

1,600 

1,500 

241.  3- 

40 

1,318 

707 

28.525 

16.5 

15.0 

224.  0 

30 

1,304 

700 

27. 750 

16.0 

14.5 

208.  0- 

20 

1, 287 

693 

26. 850 

14.5 

13.0 

1,450 

189.2: 

10 

1,259 

1,166 

679 

25. 375 

13.0 

12.0 

1,350 

169. 1 

0 

555 

19. 500 

10.0 

8.0 

900 

112.  0- 

ELEVEN-YEAR-OLD  BOYS. 


[Number  of  cases,  356.] 


100 

1,639 

819 

52.  400 

31.0 

26.5 

3,000 

499. » 

90 

1,452 

767 

37. 865 

25.0 

23.0 

2,200 

373.  & 

80. 

1,425 

755 

35. 650 

23.0 

21.0 

2,  050 

334.  9- 

70.... 

1,403 

748 

34. 300 

21.0 

20.0 

1,  975 

303.4 

60 

1,389 

739 

33. 285 

20.0 

19.0 

1, 8r5 

288.0' 

50 

1,378 

730 

32. 162 

19.0 

18.0 

1,800 

2r3.  4 

40 

1,357 

723 

31. 200 

18.0 

17.0 

1,725 

255.  3- 

30 

1,342 

714 

30. 075 

17.0 

16.0 

1,650 

241.3 

20 

1,324 

706 

28. 855 

16.0 

15.0 

1, 550 

218.  6- 

10 

1,291 

692 

27. 675 

15.0 

13.0 

1,400 

191.8 

0....... 

1,131 

632 

18.  850 

11.0 

10.0 

1,100 

83.6* 
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Table  V. — Percentiles — Continued. 
TWELVE- YEAR-OLD  BOYS. 
[Number  of  cases,  373.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Work  on 
ergograph. 

100 

Mm. 

1,613 

1,507 

1,479 

1,457 

Mm. 

837 

Kilos. 
64. 375 

Kilos. 

37.0 

Kilos. 

32.0 

C.c. 

3,150 

2,400 

Kilos-cm. 

588.8 

90 

786 

42. 350 

28.0 

26.0 

427.8 

80 

773 

40. 800 

26.0 

24.0 

2, 225 
2, 100 
2,025 

380. 8 

70 

764 

37.  700 

24.0 

22.0 

353. 4 

60 

1,437 

1,421 

757 

36. 350 

23.0 

21.0 

327.8 

50 

749 

35.200 

22.0 

20.0 

1,950 

306.  8 

40 

1,403 

1,381 

1,364 

741 

33. 525 

21.0 

19.0 

1,875 
1, 800 
1,700 
1,600 
1,150 

290.0 

30..... 

732 

33.000 

20.0 

18.0 

266.0 

20 

722 

31. 300 

18.0 

17.0 

234.0 

10 

1,330 

710 

29. 700 

17.0 

15.0 

206.4 

0 

1,252 

642 

25. 200 

10.0 

9.0 

106.2 

THIRTEEN-YEAR-OLD  BOYS. 
[Number  of  cases,  353.] 


100 

1,730 

1,599 

1,557 

944 

90 

831 

80 

808 

70 

1,528 

1,505 

794 

60 

782 

50 

1,484 

1,462 

1,446 

1,428 

1,400 

770 

40 

763 

30 

756 

20 

747 

10 

734 

0 

1,311 

696 

72. 700 

62.0 

50.0 

4,200 

1, 086.  3 

48. 400 

33.0 

31.0 

2,750 

502.4 

44. 800 

30.0 

28.0 

2,500 

450. 0 

42. 850 

28.0 

26.0 

2, 350 

406.1 

40. 925 

26.0 

24.0 

2, 300 

378.0 

38. 800 

25.0 

23.0 

2, 200 

353.7 

37. 700 

23.0 

21.0 

2, 100 

331.2 

36.450 

22.0 

20.0 

2, 000 

312.5 

35. 100 

21.0 

19.0 

1,900 

285. 2 

33. 150 

19.0 

17.5 

1,800 

243.0 

28. 150 

13.0 

10.0 

1,500 

136.5 

EOURTEEN- YEAR-OLD  BOYS. 


[Number  of  cases,  359.] 


100.. 

1,763 

950 

68. 325 

56.0 

51.0 

4,400 

883. 2 

90 

1,666 

868 

55. 300 

40.0 

36.0 

3, 300 

584.8 

80 

1,614 

845 

51. 150 

35.0 

32.0 

2, 950' 

539.6 

70 

1,592 

826 

47. 975 

32.0 

30.0 

2, 750 

496.2 

60 

1,569 

813 

45. 900 

30.0 

28.0 

2,575 

448.0 

50 

1,550 

802 

44. 125 

' 28.0 

28.0 

2,450 

414.7 

40 

1,523 

790 

42. 050 

26.0 

25. 0 

2, 300 

384.2 

1,492 

778 

40. 150 

24.0 

23.0 

2,200 

359.6 

20 

1,468 

765 

37. 900 

22.5 

21.0 

2, 100 

320.0 

10 

1,435 

750 

35. 200 

21.0 

19.0 

1,850 

265.0 

1,  305 , 

700 

25. 900 

15.0 

14.0 

1,200 

165.6 

15- YEAR-OLD  BOYS. 


[Number  of  cases,  262.] 


100 

1,846 

958 

97. 925 

63.0 

61.0 

4, 550 

1,049.6 

90 

1,715 

900 

61. 673 

47.0 

45.0 

3,650 

735.5 

80 

1,682 
1,652 
1,629 
1, 616 
1,589 
1,562 
1,538 

881 

57. 150 

43.0 

39.0 

3, 400 

643.7 

70 

885 

54. 425 

40.0 

38.5 

3, 200 

591. 5 

60 

850 

52. 200 

38.0 

35.0 

3,000 

546.0 

50 : 

837 

50. 100 

35. 0 

32.0 

2,800 

516.8 

40 

821 

48. 350 

32.0 

30.0 

2,700 

2,500 

458.7 

30 

810 

46. 375 

30.0 

28.0 

416.8 

20 

796 

43. 125 

28.0 

26.0 

2, 350 

374.0 

10 

1,493 

1,323 

775 

39. 650 

26.0 

23.0 

2, 150 

315.9 

0 

647 

30. 150 

14.0 

15.0 

1,400 

152.0 

CHILD  STUDY  IK  CHICAGO 
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Table  Y.  — Percentiles — Continued. 


16- YEAR-OLD  BOYS. 
[Number  of  cases,  174.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Work  on 
ergograph. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

C.c. 

Kilos-cm. 

100 i 

1, 853 

957 

105. 625 

85.0 

79.0 

5, 100 

1, 317. 2 

90 

1,750 

923 

66. 090 

50.0 

48.0 

4,200 

777.7 

80 

1,732 

907 

61. 770 

48.0 

45. 0 

3, 800 

697.6 

70 

1,706 

895 

58. 700 

45.0 

42.0 

3, 600 

640.2 

60.. 

1,687 

886 

57.350 

44.0 

40.0 

3,500 

593.6 

50 

1,672 

876 

55. 500 

41.0 

38.0 

3,300 

543.6 

40 

1,650 

861 

53. 350 

39.0 

36.0 

3, 150 

511.0 

30 

1,618 

849 

50. 725 

36.0 

34.0 

2,  950 

481.2 

20........ 

1,593 

835 

48. 600 

34.0 

81.0 

2,800 

444. 0 

10.. 

1,550 

810 

45. 675 

30.0 

26.0 

2,400 

415. 4 

0 

1,420 

724 

34. 550 

17.0 

16.0 

1,800 

264.0 

17- YEAR-OLD  BOYS. 
[Number  of  cases,  106.] 


100 

1, 828 

963 

90... 

1,  776 

944 

80 

1.737 

925 

70.. 

1, 722 

916 

60 

1,711 

1,684 

1,678 

1,662 

910 

50 

897 

40 

887 

30 

876 

20 

1,642 

866 

10 

1,  604 

838 

0 

1,376 

737 

81. 400 

72.0 

67.0 

5, 000 

1,117.8 

70. 975 

58.0 

51.5 

4,350 

825.6 

66.150 

53.0 

48.0 

4,000 

774.4 

64. 100 

51.5 

46.0 

3, 850 

717.6 

61.350 

49.0 

45.0 

3,700 

675.1 

58. 975 

45.5 

43.0 

3,575 

646.0 

57. 200 

43.5 

40.0 

3, 450 

608.0 

55. 000 

41.0 

38.0 

3, 250 

562.4 

53. 400 

39.0 

S5.0 

3, 125 

525. 6 

49. 200 

35.5 

32.0 

2,900 

447.2 

34. 225 

20.0 

18.0 

1,750 

337.8 

18- YEAR-OLD  BOYS, 


[Number  of  cases,  46.] 


100 

1,839 

997 

83.800 

71.0 

68.0 

5, 000 

1, 012. 0 

90 Y 

3,814 

955 

71. 360 

62.0 

58.0 

4, 750 

900.  0 

80 

1,784 

937 

67. 340 

58.0 

52.0 

4, 200 

796. 5 

70 

1,764 

932 

65.  600 

54.0 

49.0 

4,125 

740.0 

60 

1,748 

929 

64.  875 

51.5 

48.0 

3, 975 

721.  6 

50.. 

1,742 

926 

63. 825 

49.5 

46.5 

3, 850- 

685.4 

40.. 

1, 720 

914 

62. 360 

48.0 

45.0 

3,600 

640.  0 

30 

1,695 

902 

60. 100 

46.0 

41.0 

3,500 

612.5 

20 

1,677 

886 

56. 440 

44.0 

39.0 

3,350 

592.8 

10 

1,659 

865 

53.  800 

41.0 

35.0 

3,200 

554.4 

0 

1,610 

830 

45. 575 

36.0 

31.0 

2,450 

383.8 

BOYS  19  AND  20  YEARS. 
[Number  of  cases,  44.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

100 

Mm. 

1.979 

Mm. 

1, 010 

Kilos. 
98.  000 

Kilos. 

77.0 

Kilos. 

62.0 

C.c. 

5,625 

90 

1,831 

964 

74, 874 

64.0 

60.0 

4, 850 

80 

1,786 

1,758 

947 

70.  230 

61.0 

53.0 

4,460 

70 

924 

68.  360 

60.0 

52.0 

4,100 

60 

1,739 

920 

66.  560 

57.0 

50.0 

3,940 

50 

1,728 

910 

63.  300 

51.0 

48.0 

3, 825 

40 

1,708 

903 

59. 990 

50.0 

46.0 

3,660 

30 

1,697 

888 

57. 425 

47.0 

42.0 

3,500 

20 

1,652 

884 

54.  740 

46^0 

40.0 

3,280 

10 

1,637 

858 

53.  775 

42.  0 

38.0 

3, 100 

0 

1,481 

814 

47. 625 

37.0 

32.0 

2, 150 
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Table  V. — Percentiles — Continued. 
MEN  21  YEARS  AND  OVER. 
[Number  of  cases,  46.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

100  

Mm. 

1,847 

Mm. 

961 

Kilos. 

92. 100 

Kilos. 

69.0 

Kilos. 

67.0 

Ce. 

5, 500 
4,840 
4, 480 
4, 320 
4, 150 

90  

1,792 

940 

74. 600 

61.0 

59.0 

80  

1,775 

936 

70. 040 

60.0 

57.0 

70  

1,742 

924 

69. 860 

56.0 

54.0 

60 

1,720 

910 

68. 040 

54.0 

50.0 

50  

1, 713 
1,700 
'1, 669 

902 

66. 950 

52.0 

49.0 

4,100 

40 

898 

65. 150 

51.0 

48.0 

4,000 

3,900 

3,700 

30  

892 

62. 660 

50.0 

46.0 

20 

1,662 

1,636 

1,577 

888 

58. 740 

49.0 

45.0 

10 

878 

56. 050 

46.0 

44.0 

3, 300 

0 

841 

53. 700 

37.0 

34.0 

2,950 

FOUR- YEAR-OLD  GIRLS. 
[Number  of  cases,  58.] 


1,161 

650 

21. 975 

9.5 

9.0 

1,059 

610 

19. 100 

9.0 

8.0 

1,043 

600 

18. 150 

7.5 

7.0 

1,030 

592 

16. 850 

7.0 

6.5 

1, 020 

585 

16.  575 

6.5 

6.0 

1,008 

577 

16. 300 

6.0 

5.25 

994 

574 

16. 000 

5. 25 

5.0 

984 

571 

15. 700 

5.0 

5.0 

974 

568 

15. 125 

4.0 

4.0 

955 

554 

14. 600 

4.0 

3.0 

926 

1 

543 

12. 800 

2.5 

2.0 

875 

850 

825 

800 

800 

800 

700 

670 

650 

635 

600 


FIVE-YEAR-OLD  GIRLS. 
[Number  of  cases,  116!] 


100  

1,184 

662 

23. 600 

13.0 

11.5 

1-,  150 

1,137 

1,115 

631 

20. 600 

10.0 

9.5 

975 

80  

624 

19. 800 

9.0 

8.5 

950 

1,091 

616 

18. 975 

8.5 

8.0 

900 

60  

1,080 

610 

18. 400 

8.0 

7.0 

900 

50  

1,067 

602 

17. 850 

7.5 

7.0 

850 

1,055 

597 

17. 150 

7.0 

6.5 

800 

30  

1,042 

591 

16. 625 

6.5 

6.0 

800 

20  

1,022 

584 

16. 000 

6.0 

5.0 

775 

1,001 

937 

572 

15. 200 

5.0 

4.0 

700 

0 

533 

13. 300 

3.0 

2.0 

600 

SIX-YEAR-OLD  GIRLS. 
[Number  of  cases,  338.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left  hand. 

Vital  ca- 
pacity. 

Work  on 
ergograph. 

100  

Mm. 

1,282 

Mm. 

699 

Kilos. 
29. 250 

Kilos. 

15.5 

Kilos. 

15.0 

Cc. 

1,400 

Kilo-cm. 

208.0 

90  

1,191 

664 

23. 050 

12.0 

11.0 

1,275 

140.0 

80  

1, 168 

654 

21. 950 

11.0 

10.0 

1,175 

123.2 

70 

1,152 

644 

21.325 

30.0 

10.0 

1,100 

112. 5 

60  

1, 136 

635 

20. 500 

10.0 

9.0 

1,050 

103.6 

50  

1,125 

1,114 

629 

19. 900 

9.5 

9.0 

1,000 

95.  2 

40  

623 

19.450 

9.0 

8.0 

950 

87.0 

30  

1,101 

617 

18. 850 

8.5 

8.0 

900 

80.6 

20  

1,088 

610 

18. 225 

8.0 

7.0 

850 

72. 8 

10  - - 

1,065 

597 

17. 200 

7.  0 

6.5 

800 

60.0 

o 

959 

556 

13. 850 

4.0 

4.0 

600 

39.6 
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SEVEN-YEAR-OLD  GIRLS. 


[Number  of  cases,  423.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left  hand. 

Vital  ca- 
pacity. 

Work  on 
ergograph. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

Cc. ' 

Kilo-cm. 

100 

1,341 

719 

31. 800 

16.0 

16.0 

1,650 

289.8 

90 

1,241 

682 

25. 250 

14.0 

13.0 

1,300 

166.4 

80 

1,220 

673 

23.900 

12.5 

12.0 

1,250 

147.2 

70 

1,202 

665 

23. 000 

12.0 

11.0 

1,200 

136.5 

60 

1,190 

659 

22.  375 

11.0 

10.5 

1,150 

123.2 

50 

1,180 

653 

21. 675 

11.0 

10.0 

1,100 

114.0 

40 

1,170 

646 

21. 025 

10.0 

9.5 

1,050 

106.5 

30.. : 

1,152 

639 

20. 425 

10.0 

9.0 

1,000 

98.8 

20 

1,134 

632 

19. 800 

9.0 

8.0 

975 

91.2 

1,113 

620 

18. 550 

8.0 

7.5 

900 

79.3 

0 

975 

585 

15. 350 

5.0 

4.0 

750 

42.0 

EIGHT- YEAR-OLD  GIRLS. 
[Number  of  eases,  401.] 


100 

1,408 

757 

41. 175 

20.0 

19.0 

1,800 

287.0 

90.. 

1,300 

704 

27.700 

15.0 

14.0 

1,450 

197.6 

80 

1,274 

693 

26.150 

14.0 

13.0 

1,350 

174.8 

70 

1,257 

685 

25. 300 

13.0 

12.0 

1,300 

166.6 

60 

1,245 

678 

24.  400 

12.5 

11.5 

1, 250 

153.9 

50 

1,233 

673 

23. 800 

12.0 

11.0 

1,200 

142.8 

40 

1,221 

667 

23.050 

11.0 

10.0 

1,150 

134.3 

30 

1,205 

660 

22. 400 

10.5 

9.5 

1,100 

119.0 

20 

1,188 

653 

21. 550 

10.0 

9.0 

1,000 

107.2 

10 

1,165 

642 

20. 700 

9.0 

8.0 

950 

95.4 

0 

1,052 

603 

17. 175 

6.0 

5.0 

500 

45.0 

NINE- YEAR-OLD  GIRLS. 


[Number  of  cases,  334.] 


100 

1,436 

1,356 

798 

41.550 

24.0 

22.5 

2, 100 
1,  600 

437.8 

90 

729 

31. 040 

17.  0 

16.0 

236.  9 

80 

1,323 

1,311 

1,296 

715 

29. 105 

15.5 

14.5 

1,500 

1,450 

1,400 

212.5 

70 

706 

28. 120 

15.0 

14.  0 

195.  8 

60 

700 

27. 135 

14.0 

13.0 

180.5 

50  . . 

1,283 

692 

26.  340 

13.0 

12.5 

1,325 

1,300 

1,200 

171.  0 

40 

1,270 

686 

25.  580 

13.0 

12.0 

158.5 

30 

1,252 

1,235 

680 

24. 600 

12.0 

11.0 

146.  3 

20 

670 

23.  790 

11.0 

10.0 

1,200 

1,100 

800 

134.3 

10 

1,209 

1,073 

659 

22.  710 

\ 10.0 

9.0 

118.5 

0 

613 

19. 150 

7.0 

6.0 

59.5 

TEN-YEAR-OLD  GIRLS. 
[Number  of  cases,  369.] 


100 

1,577 

806 

58. 225 

32.0 

31.0 

2, 150 

607.6 

90 

1,411 

750 

34. 700 

19.5 

18.0 

1,775 

272.  5 

80 

1,382 

735 

32. 150 

17.0 

16.0 

1,  650 

246.5 

70.  

1,359 

724 

31.200 

16.0 

15.0 

1,550 

220.5 

60 

1,342 

717 

29.  750 

15.5 

14.5 

1,500 

204.7 

50 

1,326 

710 

28. 665 

15.0 

14.0 

1, 450 

187.5 

40 

1,307 

703 

27. 775 

14.0 

13.0 

1,400 

173.4 

30 

1,295 

695 

26.  550 

13.0 

12.0 

1,  325 

160.0 

20 

1,279 

690 

25. 550 

12.0 

11.0 

1,300 

149.6 

10 

1,248 

673 

24. 000 

11.0 

10.0 

1,200 

132.0 

0 

1,157 

630 

19.  300 

8.0 

6.0 

800 

40.8 
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ELEVEN-YEAR-OLD  GIRLS. 
[Number  of  cases,  841.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Work  on 
ergograph. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

C.  c. 

Kilos-cm. 

100 : 

1,576 

855 

55.600 

27.0 

25.0 

2,400 

487.2 

90 

1,487 

784 

38.825 

21.5 

21.0 

1,950 

323  6 

80 

1,443 

763 

36.290 

20.0 

19.0 

1,800 

i 294. 8 

70 

1,420 

753 

34.566 

19.0 

18.0 

1,700 

263.5 

60.. 

1,405 

745 

32.560 

18.0 

17.0 

1, 650 

240.0 

50 

1,388 

737 

31.300 

17.0 

15.5 

1,600 

222. 0 

40 

1,367 

730 

30. 350 

16.0 

15.0 

1,500 

210.0 

30... 

1,349 

718 

29.287 

15.0 

14.0 

1,450 

189.1 

20 

1,329 

709 

28. 300 

14.0 

13.0 

1,400 

173.9 

10 

1,297 

695 

26.  625 

12.0 

11.0 

1,300 

154.5 

0 

1,172 

646 

21. 000 

8.0 

8.0 

1,000 

79.2 

TWELVE- YEAR-OLD  GIRLS. 
[Number  of  cases,  388.] 


100 

1,654 

866 

79. 000 

34.5 

33.5 

2,  950 

651. 7 

90 

1, 549 

814 

45. 150 

25. 0 

24.0 

2, 200 

372.6 

80 

1,514 

800 

41. 925 

23.0 

22.0 

2,025 

332.  2 

70 

1, 492 

787 

40. 000 

21.0 

20.0 

1,950 

294.0 

60 

1,474 

777 

38. 050 

20.0 

19.0 

1,825 

269.7 

50 

1,450 

765 

36. 300 

19.0 

17.5 

1,750 

255.3 

40 

1,431 

757 

34.  750 

18.0 

17.0 

1,675 

232.5 

30 

1,413 

746 

32. 775  - 

17.0 

15.0 

1,600 

217.  S 

20 

1,388 

735 

31. 200 

16.0 

14.5  . 

1,500 

195.  2 

10 

1,361 

715 

29. 500 

14. 75 

13.0 

1,400 

168.  0 

0 

1,216 

682 

21.450 

10.0 

7.0 

800 

79.6 

THIRTEEN-YEAR-OLD  QIRLS. 


[Number  of  cases,  387.] 


100 

1,718 

912 

78.000 

45. 0 

40.0 

3, 050 

714.1 

90 

1,602 

849 

51. 500 

30.0 

27.5 

2, 400 

454.4 

80 .* 

1,578 

832 

47. 650 

27.0 

25.0 

2,250 

401.2 

70 

1,558 

824 

45. 000 

25.0 

24.0 

2,125 

355. 2 

60 

1,540 

812 

42. 950 

23.5 

22.0 

2,000 

321. 3 

50 

1,519 

798 

41. 000 

22.0 

21.0 

1, 925 

295.8 

40 

1, 498 

788 

39. 200 

21.0 

20.0 

1, 850 

269.1 

30 

1.479 

777 

37. 200 

20.0 

18.0 

1, 775 

249.6 

20 

L448 

764 

35. 500 

18.5 

17.0 

1,650 

227.5 

10 

1,413 

746 

32. 800 

17.0 

15.0 

1,525 

189.8 

0 

1, 300 

683 

24. 400 

10.0 

9.0 

1, 100 

80.5 

FOURTEEN- YEAR-OLD  GIRLS. 


[Number  of  cases,  425.] 


100 

1,714 

915 

74. 125 

38.0 

39.5 

3, 200 

759.6 

90 

1,640 

870 

55.600 

32.0 

30.0 

2,600 

489.8 

80 ... 

1, 617 

856 

52.000 

30.0 

27.5 

2, 400 

438.1 

70 

1,596 

845 

49. 735 

28.0 

26.0 

2,300 

400.0 

60 

1,  581 

837 

48. 125 

27.0 

25.0 

2, 200 

372.4 

50 

1,565 

832 

46.300 

25.0 

23.0 

2, 100 

342. 8 

40 

1, 551 

823 

44. 800 

24.0 

22.0 

2,000 

324.  0 

30 

1,530 

814 

43.050 

22.0 

21.0 

1,927 

291.  6 

20 

1,508 

800 

40. 700 

21.0 

19.0 

1,800 

271.  6 

10 

1,481 

779 

37.675 

19.0 

18.0 

1,700 

217.9 

0 

1,250 

681 

29. 225 

14.0 

12.0 

1,350 

56.  4 
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FIFTEEN-YEAR-OLD  GIRLS. 
[Number  of  cases,  448.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left  hand. 

Vital  ca- 
pacity. 

Work  on 
ergograph. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

Cc. 

Kilo-cm. 

100 

1,737 

919 

81. 350 

47.0 

47.0 

3,400 

690.3 

90 

1,645 

876 

57. 400 

33.0 

31.0 

2, 650 

488.0 

1,620 

865 

53.  800 

31.0 

29.5 

2, 500 

435. 2 

70 

1,605 

856 

52. 075 

30.0 

28.0 

2, 400 

404.6 

60 

1,590 

847 

50. 150 

29.0 

27.0 

2, 300 

381.1 

50 

1,574 

840 

48. 700 

28.0 

25.0 

2, 225 

354.0 

40: 

1,561 

831 

47. 300 

26.5 

24.0 

2, 150 

330.6 

30 

1, 547 

823 

45.  500 

25.0 

22.0 

2, 050 

309.0 

20. 

1,529 

814 

43. 300 

23.0 

21.0 

1,950 

276.0 

10 

1,506 

801 

41.250 

21.0 

20.0 

1,800 

234.0 

0 

1,391 

660 

30.  975 

12.0 

10.0 

1,450 

104.4 

SIXTEEN- YEAR-OLD  GIRLS. 


[Number  of  cases,  427.] 


100 

90. 

1, 785 
1,663 
1,636 
1,  622 

946 

889 

91.  775 
60. 415 

48.0 

35.0 

47.0 

33.0 

3.500 
2, 725 
2, 600 

2.500 
2, 400 
2, 300 
2,  200 
2, 100 

796. 0 

542.1 

80 

876 

56. 540 

33.0 

31.0 

467.4 

70 

866 

54.  525 

31.0 

29.0 

428.  7 

60 

1,604 

1,593 

1,580 

1,560 

1,546 

859 

52. 790 

30.0 

28.0 

400.6 

50 

850 

51.150 

29.0 

27.0 

374. 6 

40 

845 

49. 375 

28.0 

26.0 

344.1 

30 

837 

47.  630 

26.75 

25.0 

316.2 

20 

827 

46. 160 

25.0 

23.0 

2, 000 
1,  900 

287.2 

10 

1,516 

1,365 

813 

43.685 

23.0 

21.5 

233.8 

0 

643 

33. 900 

18.0 

15.0 

1,350 

61.  2 

SEVENTEEN-' YEAR-OLD  GIRLS. 


[Number  of  cases,  413.] 


100 

1,790 

1,668 

1,644 

945 

90 

890 

80.. 

879 

70 

1,624 

871 

60 

1,610 

860 

50 

1,598 

1,582 

1,568 

1,549 

1,523 

1,438 

852 

40 

844 

so 

837 

20 

830 

10 

821 

0 

777 

75.  600 

45.0 

42.0 

3,500 

649.8 

59. 735 

37.0 

33. 25 

2, 825 

520.3 

56. 600 

34.  0 

31.5 

2,600 

459.0 

54. 410 

32.5 

30.0 

2,500 

418.0 

52.  390 

31.0 

29.0 

2, 425 

397.2 

50.  960 

30.0 

27.5 

2, 350 

377.4 

49. 460 

29.0 

26.0 

2, 250 

338.2 

48. 365 

27.5 

25.0 

2,150 

310.0 

46. 460 

25.5 

23.0 

2, 050 

268.0 

44. 100 

24.0 

21.5 

1,900 

229.6 

34.  200 

14.0 

1 

12.5 

1,250 

156.0 

EIGHTEEN-YEAR-OLD  GIRLS. 


[Number  of  cases,  343.] 


100 

1,771 

937 

82. 150 

48.0 

47.0 

3,675 

678.3 

90 

1,676 

892 

59. 800 

38.0 

34.0 

2,  900 

508.6 

80 

1,649 

876 

57. 075 

35.0 

32.0 

2,700 

464.8 

70 

1,628 

869 

55. 200 

34.0 

31.0 

2,  600 

432.2 

60 

1,612 

864 

53.  480 

32.0 

30.0 

2,500 

401.3 

50 

1,600 

856 

52. 050 

31.0 

29.0 

2,  425 

378.0 

40 

1,589 

849 

50.  660 

30.0 

27.5 

2,400 

356.9 

30 

1,572 

842 

49. 400 

29,0 

26.0 

2,300 

329. 6 

20 

1,554 

833 

48. 100 

27.0 

25.0 

2, 150 

292.1 

10 

1,527 

825 

46. 100 

25.0 

23.0 

2, 025 

242.1 

0 

1,385 

743 

35. 075 

17.0 

16.0 

1,  550 

81.6 
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Table  V. — Percentiles — Continued. 
NINETEEN-YEAR-OLD  GIRLS. 


[Number  of  cases,  241.] 


Per  cent. 

Height, 

standing. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of . 

left 

hand. 

Vital 

capacity. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 

Cc. 

100 - 

1,731 

940 

88.  650 

52.0 

48.5 

- 3, 700 

90 

1,681 

891 

61.  392 

39.0 

36  0 

3, 000 

80 

1,652 

877 

57.  730 

37.0 

34.0 

2,800 

70 , 

1,635 

869 

55.  785 

35.0 

32.0 

2,700 

60 

1,617 

859 

54. 150 

34.0 

31.0 

2,  600 

50 

1,597 

853 

52. 137 

32.0 

30.0 

2,500 

40 

1, 585 

848 

50. 655 

31.0 

28.0 

2,  400 

30 - 

1,568 

839 

49. 400 

30.0 

27.0 

2,300 

20 

1, 545 

831 

47. 200 

29.0 

26.0 

2,  200 

10 

1,519 

820 

45. 050 

26.5 

24.0 

2, 025 

0 

1,418 

758 

33. 800 

20.0 

20.0 

1,700 

TWENTY-YEAR-OLD  GIRLS. 


[Number  of  cases,  175.] 


100 

1,778 

953 

76.  850 

44.0 

46.0 

3, 600 

1,674 

895 

62. 025 

38.0 

37.0 

2, 900 

80 

1,650 

882 

58. 000 

36.0 

34.0 

2,800 

70 

1,628 

872 

56. 000 

35.0 

32.0 

2, 700 

60 

1,621 

865 

54. 500 

34.0 

31.0 

2,  600 

1,609 

858 

53. 000 

33.0 

30.0 

2, 5o0 

40 

1,597 

851 

50. 900 

32.0 

3C.0 

2,500 

1,585 

845 

49.  300 

31.0 

28.0 

2,400 

20 

1,562 

838 

47. 600 

SO.  0 

27.0 

2,300 

1,540 

822 

45. 812 

28.0 

25.0 

2. 2o0 

0 

1,328 

697 

30. 000 

18.0 

19.0 

1, 300 

FEMALE  TEACHERS,  21  YEARS  AND  OVER. 
[Number  of  cases,  223.] 


1,787 

931 

101. 100 

47.0 

42.0 

3, 550 

1,677 

892 

63. 000 

39.0 

36.0 

3,  luO 

1,655 

882 

58.  720 

37.0 

35.0 

2,  9u0 

1,635 

876 

56. 855 

35.0 

32.0 

2,7/5 

1,625 

868 

54.  775 

34.0 

31.0 

2,  700 

1,607 

861 

53. 688 

33.0 

30.0 

2, 600 

40 

1,592 

854 

51. 860 

32.0 

29.0 

2, 5'JO 

1,576 

847 

49. 980 

31.0 

28.0 

2,400 

1,560 

834 

48. 380 

30.0 

27  0 

2,  3d0 

1,530 

823 

46. 400 

28.0 

25.0 

2,  200 

1,474 

797 

39. 000 

22.0 

20.0 

1,650 

School  standing  of  the  different  percentile  groups—  The  child  is  a very  complex  being. 
Many  factors  contribute  to  the  development  of  his  school  efficiency.  Often  only  by 
considering  a factor  in  reference  to  a large  number  of  children  can  it  be  determined 
whether  it  is  favorable  or  unfavorable  to  a child’s  school  advancement.  In  the 
report  of  last  year  we  were  enabled  to  say  that  the  evolutionary  ideal  child  stood 
somewhere  above  the  average  in  each  measurement,  and  later  to  demonstrate  that 
the  more  advanced  pupils  stood  higher  in  the  physical  measurements  than  the  back- 
ward ones.  By  taking  the  average  number  of  school  grades  made  by  the  several 
percentile  groups  of  a given  age  we  are  enabled  to  compare  the  school  efficiency  of 
these  groups.  In  order  to  present  this  matter  on  a broad  basis,  and  to  reduce  it 
to  a form  sufficiently  condensed  to  show  at  once  the  relation  of  school  standing  to 
physical  condition  abstractly,  and  dissociated  from  age  and  sex,  we  have  proceeded 
as  follows: 
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1.  The  cards  representing  the  individual  pupils  from  8 to  16  inclusive  (irrespective 
of  sex ) were  first  classified  into  the  several  ages  by  years. 

2.  The  cards  were  then  arranged  separately  for  each  year  of  age,  with  reference  to 
stature,  and  each  year’s  group'  divided  into  its  ten  percentile  groups.  Then  the 
average  grades  of  all  the  pupils  in  each  of  these  percentile  groups  were  determined. 
Then  the  average  grades  of  all  the  pupils  in  each  of  the  same  percentiles  of  each  age 
were  added  together,  and  this  sum  divided  by  9,  the  number  of  ages  considered,  to 
determine  the  average  number  of  grades  made  by  each  of  the  several  percentile 
stature  groups.  The  results  thus  obtained  are  given  in  the  first  column  of  Table  YI. 

3.  The  same  process  was  repeated  for  each  of  the  several  measurements  taken,  and 
the  results  so  obtained  are  given  in  the  several  columns  of  Table  YI  under  their 
appropriate  headings.  In  this  way  it  is  thought  that  the  relationship  of  physical 
condition  to  mental  capacity,  as  shown  by  school  standing,  has  been  shown  com- 
pletely divested  of  the  influence  of  age  and  sex.  The  total  number  of  pupils  involved 
in  this  compilation  is  5,768. 

It  will  be  seen  from  Table  YI  that  the  90-100  per  cent  group  has  made  on  the 
average  one  more  school  grade,  or  a year’s  work,  than  has  the  0-10  per  cent  group. 
If  we  take  the  average  number  of  grades  made  by  the  very  tallest  pupils,  the  100 
percentiles,  and  compare  this  with  the  average  made  by  the  very  shortest  pupils, 
-0  percentiles,  for  each,  age,  we  will  find  that  the  tallest  have  made  on  the  average 
6.44  grades  while  the  shortest  have  made  4.50  grades. 

Table  YI  shows  that  this  greater  school  efficiency  of  those  physically  superior 
holds  good  also  for  height  sitting,  weight,  strength,  endurance,  and  vital  capacity, 
although  not  to  the  same  degree  in  each.  Part  of  this  gain  might  possibly  be 
explained  on  the  supposition  that  those  physically  superior  may  have  had  better 
health  and  so  have  lost  less  time  from  school  on  account  of  illness  than  have  the 
smaller  and  weaker  ones,  and  so  in  part  this  higher  standing  of  the  larger  pupils 
might  be  due  purely  to  their  physical  superiority  and  not  to  their  superior  mental 
ability.  On  such  a basis  it  might  be  easy  to  explain  why  certain  smaller  pupils  are 
below  grade,  but  such  an  explanation  would  hardly  be  so  plausible  in  accounting  for 
the  fact  that  so  many  of  the  best  physical  specimens  are  above  grade.  Actual  tests 
of  the  memory  power  show  that  the  larger  and  stronger  pupils  are  superior  in  native 
force  of  memory  to  the  smaller  and  weaker.  The  true  explanation  will  probably  be 
found  in  the  fact  that  those  conditions  which  bring  about  large  growth  are  favorable 
to  the  perfect  formation  and  ideal  balance  of  the  brain  and  vital  organs. 


Table  YI, — School  standing  of  the  different  percentile  groups , showing  the  average  number 
of  grades  made  by  the  pupils  coming  under  the  various  percentile  groups  for  the  different 
measurements. 


Percentile  groups. 

Net 

height. 

Height, 

sitting. 

Weight. 

Grip  of 
right 
hand. 

Grip  of 
left 
hand. 

Vital 

capacity. 

Work  on 
ergograph. 

100 

6. 44 

6.69 

6. 60 

6.21 

6.  24 

6. 55 

6.44 

90-100 

6.36 

6.07 

6.  26 

6. 09 

6.09 

6.29 

6.00 

80-90. . 

6.  04 

6. 07 

6.  00 

6.03 

5.97 

6.03 

5.96 

70-80..  |... 

5. 98 

5.  98 

5. 89 

5.91 

5.91 

5. 96 

5.80 

60-70...'. 

5.98 

5. 85 

5/86 

5.87 

5.89 

5. 93 

S.  86 

50-60 

5. 88 

5.  80 

5.77 

5. 87 

5. 79 

5. 81 

5.83 

40-50 

5. 80 

5. 75 

5. 77 

5. 72 

5.74 

5.79 

5. 85 

30-40 

5. 65 

5.73 

5.72 

5. 64 

5. 73 

5.  76 

5. 76 

20-30 

5.  56 

5. 65 

5.  71 

5.  62 

5. 67 

5. 67 

5.74 

10-20 

5. 55 

5. 54 

5. 55 

5:59 

5. 54 

5. 59 

5. 65 

0-10 

5. 29 

5.43 

5.33 

5.  43 

5. 49 

5.36 

5. 56 

0 

4.50 

4.  70 

4. 66 

5.12 

5.11 

4. 85 

4. 72 

MEMORY  INVESTIGATION. 

An  investigation  of  some  of  the  phenomena  of  memory  was  undertaken  with  two 
special  objects:  First,  to  establish  norms  for  use  in  the  examination  of  special  cases; 
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second,  to  gain  light  on  the  teaching  of  spelling.  This  second  practical  pedagogical 
problem  was  undertaken  at  the  request  of  Superintendent  Cooley.  It  is  hoped  that 
later  on  added  data  will  enable  us  to  make  this  report  more  complete.  The  scope 
of  the  work  can  best  be  seen  from  the  following  copy  of  the  card  on  which  the  data 
were  recorded: 


[Form  C.  S.  and  P.  I.  No.  5.] 

No. . ? Board  of  Education,  City  of  Chicago, 

Educational  Department,  Room  1200  Schiller  Building. 

Name . 

Grade . Number  of  weeks  in  this  grade . 

School . Room  No. . 

Teacher — — . 


Date  of  birth:  Year ; month ; day 

Place  of  birth . 

Place  of  birth  of  father . 

Place  of  birth  of  mother . 

School  standing . 

Attention -. 

Memory  . 

Judgment  . 

Best  work  is  in . 

Poorest  work  is  in . 

Deportment , 

Hoav  taught  spelling . 


I 

Visual  acuity: 

Right  

Left 

Acuteness  of  hearing: 

Right 



Motor  ability: 

Rio-hf.  

y Aft  » 

Memory-span  test: 

A nrl  i torv  m prnrvrv  _ 

- 

Visual  memory 

Vudio-visual  - -------- 

Audio-visual  articulatory T 

j^^jtlio-YisUftl  hfmtl  motor  - --  

Spelling  test: 

A ndi  tnrv  vn  pvn  orv  

Visual  memory 

The  data  to  be  recorded  upon  the  upper  part  of  the  card  were  furnished  in  part  by 
the  pupil  himself  and  in  part  by  his  teacher.  Careful  check  tests  were  made  on 
sight,  hearing,  and  motor  ability.  Later,  measurements  were  taken  of  height,  height 
sitting,  weight,  strength  of  grip  of  the  right  and  the  left  hand,  and  vital  capacity. 

Method. — For  the  purpose  of  investigating  the  native  power  of  immediate  sense 
memory  of  the  children  of  different  ages,  memory-span  tests  were  made  in  the  fol- 
lowing manner:  Figures  were  arranged  in  series  of  different  lengths  of  from  four  to 
eight  digits  each,  only  the  nine  significant  digits  being  used.  'These  series  were 
printed  in  very  large  type  on  cards.  A set  constituting  a test  consisted  of  ten -series, 
two  series  of  four  digits,  two  of  five  each,  two  of  six,  two  of  seven,  and  two  of  eight. 
The  following  is  a specimen  set  of  the  series  used  in  a test: 


In  order  that  the  matter  might  be  as  homogeneous  a mass  of  material  as  possible, 
an  attempt  was  made  to  avoid  all  previously  established  associations.  To  this  end 
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care  was  taken  that  in  no  case  should  two  digits  come  in  their  natural  order,  as  3,  4, 
nor  were  they  in  any  case  arranged  in  their  reverse  order,  as  8,  7.  Series  represent- 
ing familiar  dates  were  avoided.  A sufficient  number  of  series  were  thus  produced, 
so  that  no  set  was  presented  twice  to  the  same  pupils. 

The  tests  were  made  on  all  the  pupils  of  a room  at  once  by  having  the  pupils 
reproduce  the  series  on  specially  prepared  blanks.  These  papers  were  collected  and 
carefully  graded.  The  errors  were  checked,  and  the  percentage  correctly  recorded 
constituted  the  grade  for  that  test.  Seven  tests  were  taken  during  the  day,  an  hour 
intervening  between  the  tests.  The  average  made  by  each  pupil  in  these  seven  tests 
constituted  his  final  grade.  The  compilations  include  25,000  individual  tests  of  fen 
series  each. 

The  series  of  four  digits  proved  to  be  easy  enough  for  those  with  the  poorest  mem- 
ory, and  the  series  of  eight  digits  was  difficult  enough  for  all  except  the  brightest 
pupils  of  the  higest  grades.  In  the  higher  grades  were  some  pupils  who  probably 
could  have  remembered  a longer  span  than  eight  had  such  a series  been  given  them 
in  the  test;  so  the  final  percentages  made  in  the  upper  grades  do  not  show  the  full 
memory  power  as  compared  with  those  in  the  lower  grades.  On  the  other  hand,  the 
amount  of  attention  required  for  writing  the  figures  was  greater  with  the  younger 
pupils,  and  on  this  account  the  percentages  made  by  them  probably  fall  short  of 
showing  their  full  memory  power. 

It  will  be  seen  that  in  this  investigation  the  attempt  has  been  made  to  test  the 
native  memory  power  of  the  child  rather  than  his  previous  acquirements  and  school 
training,  as  is  done  in  the  ordinary  examinations,  which  test  knowledge  primarily 
and  power  only  incidentally. 

Method  in  auditory  memory. — In  order  to  test  the  auditory  memory  a series  of  digits, 
as  6,  8,  5,  3,  was  read  to  the  pupils  at  a uniform  rate  of  speed  and  a degree  of  loud- 
ness that  was  clearly  perceptible  by  all.  In  the  reading  care  was  taken  to  avoid  all 
rhythm.  After  a lapse  of  about  five  seconds  the  child  was  allowed  to  write  this 
series.  The  reading  was  regulated  by  a metronome  beating  ninety  times  a minute. 
The  ten  series  constituting  a set  were  so  arranged  that  the  child  could  not  anticipate 
the  number  of  digits  constituting  the  series  about  to  be  read;  nevertheless,  a series 
was  given  first  which  would  be  within  the  memory  span  of  nearly  all  the  pupils, 
because  it  was  believed  that  by  using  one  of  the  shorter  series  at  first  the  children 
would  be  encouraged,  whereas  if  a span  beyond  their  power  to  reproduce  was  given 
first,  some  might  lose  heart  and  so  not  put  forth  their  most  intense  power  of  attention. 

Method  in  visual  memory. — In  testing  visual  memory,  the  card  on  which  the  series 
was  printed,  after  the  usual  warning,  was  held  before  the  pupils  the  same  length  of 
time  that  would  have  been  consumed  in  reading  the  series  in  the  auditory  tests, 
namely,  two-thirds  of  a second  for  each  digit  composing  the  series.  The  type  used 
in  printing  the  card  was  of  such  a size  that  it  could  be  read  by  the  normal  eye  at  a 
far  greater  distance  than  that  actually  required  of  any  pupil,  but  at  the  same  time 
opportunity  was  given  to  anyone  who  experienced  difficulty  in  seeing  the  figures  to 
change  his  seat.  The  figures  of  a series  were  not  exposed  one  at  a time,  and  undoubt- 
edly many  of  the  children  ran  their  eyes  several  times  over  the  line  of  figures 
exposed,  and  so  secured  the  advantage  of  repetition,  which  the  child  did  not  have 
in  the  auditory  test.  While  it  would  have  been  easy  to  have  arranged  a shutter  so 
as  to  expose  one  figure  at  a time,  it  was  not  considered  best  to  do  so,  as  this  oppor- 
tunity for  repetition  is  a natural  advantage  which  one  usually  has  in  learning  through 
the  eye.  While  a more  rapid  rate  might  be  used  as  far  as  auditory  and  visual  mem- 
. ory  are  concerned,  and  still  allow  time  for  clear  and  distinct  enunciation,  yet  the 
longer  period  was  selected  in  order  to  allow  sufficient  time  for  the  auVlio- visual- 
articulatory  and  the  audio-visual-hand-motor  tests.  It  is  believed  that  the  slow  rate 
was  slightly  to  the  advantage  of  the  visual  memory  in  comparison  with  the  auditory 
memory. 
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Method  in  audio-visual  memory. — In  the  audio-visual  test  a card  containing  the  series 
was  exposed  to  view  just  as  in  the  visual  test,  ajid  at  the  same  time  the  digits  were 
repeated  aloud  by  the  experimenter  at  the  rate  used  in  the  auditory  test.  Thus  a 
simultaneous  appeal  was  made  to  the  sight  and  hearing  of  the  pupils. 

Method  in  audio-visual-articulatory  memory. — In  the  test  of  the  audio-visual-articu- 
latory memory  the  impression  was  produced  by  making  a simultaneous  appeal  to 
hearing,  sight,  and  the  muscle  sense  by  having  the  series  read  aloud  by  the  pupils 
when  the  card  containing  the  digits  was  presented,  the  concert  reading  being  timed 
by  the  metronome. 

Method  in  audio-visual-hand-motor  memory. — While  the  series  was  dictated  at  the 
established  rate,  the  pupils  wrote  the  digits  on  scrap  paper  and  at  the  close  of  the 
series  the  paper  was  turned  face  downward  and  the  pupils  reproduced  the  series  from 
memory  upon  the  test  paper,  thus  testing  the  result  of  a simultaneous  appeal  to  hear- 
ing, sight,  and  the  sensations  from  the  muscles  used  in  writing. 

No  complete  separation  of  the  different  sense  memories. — While  the  attempt  was  made 
to  test  the  immediate  sense  memory  from  the  exercise  of  sight,  hearing,  and  the 
combined  action  of  these  senses,  with  each  other  and  with  the  muscle  sense 
awakened  by  activity  in  the  hand  and  vocal  organs,  yet  these  elements  could 
not  be  tested  as  isolated  memories.  It  must  be  remembered  that  the  muscle 
sense  enters  into  our  activities  of  both  sight  and  hearing  in  the  reception  of  the 
impression,  because  both  the  eye  and  ear  require  the  actic..  of  muscles  for  their 
adjustment.  In  testing  visual  memory,  it  was  noted  that  many  children,  in  spite  of 
all  admonitions  to  the  contrary,  moved  their  lips  and  throats,  thus  indicating  that 
articulatory  impressions  were  awakened.  Even  in  the  auditory  tests  slight  lip 
movements  were  noted  in  some  pupils.-  In  the  recording  of  the  figures  of  any  series 
the  impressions,  of  course,  had  to  be  translated  into  visual  and  motor  terms,  so  that 
probably  the  sight,  hearing,  and  motor  tracts  and  centers  were  active  during  all  the 
tests;  yet  nevertheless  it  is  believed  that  the  predominating  elements  are  the  ones 
named  in  each  test. 

Fatigue.— It  is  well  known  that  extreme  fatigue  lowers  the  memory  power.  The 
tests  were  made  at  the  different  periods  of  the  day  with  the  thought  of  ascertaining 
whether  any  trace  of  the  course  of  power  during  the  day,  as  established  by  the  ergo- 
graph,  would  appear  from  these  memory  tests,  but  it  seems  that  the  children  on  the 
whole  gained  more  through  practice  than  they  lost  through  fatigue.  There  is  but  a 
slight  falling  away  just  previous  to  the  noon  hour  and  again  in  the  afternoon  just 
before  the  close  of  school. 

The  development  of  auditory  and  visual  memory  power. — Table  IX  shows  the  develop- 
ment of  the  auditory  and  visual  memory.  While  there  are  a number  of  irregularities 
which  are  due  simply  to  the  paucity  of  numbers,  yet  certain  facts'  seem  to  be 
thoroughly  established.  The  auditory  memory  develops  rapidly  up  to  about  14 
years  of  age,  and  but  slowly  after  this  period.  The  visual  memory  seems  to  develop 
rapidly  up  to  15  or  16  years  of  age.  This  period  of  rapid  development  of  visual 
memory  lasts  a year  or  two  longer  than  the  period  of  rapid  development  of  auditory 
memory.  It  will  be  noted  that  in  the  early  life  of  the  child  the  auditory  memory 
is  stronger  than  the  visual  memory;  after  about  nine  years  of  age  the  visual  memory 
of  most  of  the  children  becomes  stronger  than  the  auditory,  and  continues  to  develop 
more  rapidly  than  the  auditory  memory  throughout  school  life.  Yet  even  in  the 
high  school  there  still  remains  a small  proportion  of  the  pupils  whose  hearing  mem- 
ory is  the  stronger.  This  small  percentage  of  persistently  ear-minded  individuals, 
like  the  small  per  cent  of  left-handed  people,  seems  to  be  a special  provision  of 
nature  to  show  to  teachers  that  children  are  not  alike  mentally  or  physically  and  are 
not  all  to  be  subjected  to  the  same  treatment;  that  children  are  not  so  plastic  as 
educators  seem  to  think  them  to  be,  and  that  school  training,  important  as  it  is  in 
the  development  of  human  power,  is  often  overestimated  when  compared  with  the 
great  factors — heredity  and  nutrition. 
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The  investigation  shows,  too,  that  there  is  no  “memory  period;”  no  period  in 
early  school  life  when  the  memory  is  stronger  than  it  is  at  any  later  portion  of  the 
child’s  life,  a period  especially  adapted  to  memorizing. 


Table  IX. — The  development  of  memory. 


Average  age. 

Number 

tested. 

Auditory. 

Visual. 

7 years,  8 months,  9 days 

19 

Per  cent. 
36.4 

Per  cent. 
35.2 

8 years,  5 months,  24  days 

58 

44.6 

42.8 

9 years,  6 months,  6 days 

100 

45.0 

47.4 

10  years,  5 months,  3 days 

11  years,  5 months,  17  days 

89 

49.4 

54.6 

91 

55.4 

64.7 

12  years,  6 months,  3 day's 

93 

55. 7 

72.3 

13  years,  6 months,  21  days 

109 

57.9 

76.8 

14  years,  5 months,  28  days 

114 

66.2 

80.5 

15  years,  6 months,  1 day 

94 

65.6 

78.2 

16  years,  6 months,  4 days 

77 

66.9 

81.3 

17  years,  5 months,  20  days - 

56 

65. 5 

84.1 

18  years,  5 months,  3 days 

25 

67.2 

77. 5 

19  years,  5 months,  11  days 

12 

70.0 

85.3 

Bearing  of  sensory  defects. — It  might  readily  be  suspected  that  the  sight  and  hear- 
ing defects  of  the  pupils,  in  spite  of  all  care,  might  seriously  influence  the  results  in 
the  tests  of  auditory  and  visual  memory;  thus,  in  the  visual  test,  if  the  child  failed 
to  see  the  figures  clearly  he  could  not  be  expected  to  reproduce  them  correctly;  and 
in  a few  cases  papers  had  to  be  discarded  because  the  errors  proved  to  be  clearly  due 
to  defective  vision.  To  ascertain  the  probable  effect  the  sensory  defects  had  upon 
the  results  of  the  memory  tests,  certain  compilations  in  regard  to  the  sensory  defects 
of  the  pupils  tested  were  made.  Of  the  pupils  who  stood  above  the  average  for  their 
age  in  auditory  memory,  32  per  cent  were  slightly  subnormal  in  visual  acuity  and  10 
per  cent  were  slightly  defective  in  hearing.  Of  the  pupils  below  the  average  for 
their  age  in  auditory  memory,  41  per  cent  were  slightly  subnormal  in  vision  and  14 
per  cent  were  somewhat  defective  in  hearing.  Of  the  pupils  who  stood  above  the 
average  in  visual  memory,  32  per  cent  were  slightly  defective  in  vision  and  10  per 
cent  defective  in  hearing.  Of  the  pupils  below  the  average  of  their  age  in  visual 
memory,  45  per  cent  had  defective  sight  and  15  per  cent  defective  hearing.  It  will 
be  seen  that  in  both  auditory  and  visual  memory  those  above  the  average  have  a 
smaller  per  cent  of  defects  than  those  below  the  average,  but  the  fact  that  those 
below  the  average  in  auditory  memory  have  no  larger  per  cent  of  hearing  defects 
than  those  below  the  average  in  visual  memory  would  seem  to  indicate  that  the 
hearing  defects  played  but  a small  part,  if  any,  in  these  tests;  and  so  in  visual  mem- 
ory, the  fact  that  the  percentage  of  those  below  the  average  with  defective  eyesight 
does  not  much  exceed  the  per  cent  of  those  below  the  average  in  auditory  memory 
with  defective  eyesight  would  seem  to  indicate  that,  eye  defects  played  but  a minor 
part  in  the  tests  in  visual  memory. 

Audio-visual  memory. — It  has  been  pointed  out  that  during  early  school  life  the 
auditory  memory  is  the  stronger;  later,  the  visual  memory  is  the  stronger.  It  will 
be  seen  in  Table  IX  that  during  the  whole  of  school  life  the  audio-visual  memory  is 
stronger  than  either  the  auditory  or  the  visual;  that  is,  a simultaneous  appeal  to  both 
sight  and  hearing  produces  a deeper  impression  than  is  brought  about  by  an  appeal 
to  either  sense  alone.  This  fact  is  very  far-reaching  in  its  application  to  teaching. 

Audio-visual-articulatory  and  audio-visual-hand-moior  memories. — It  will  also  be  seen 
from  Table  X that  the  audio-visual-articulatory  memory,  in  which  the  impression  is 
produced  by  an  appeal  to  hearing,  sight,  and  the  muscle  sense,  is  even  stronger  than 
the  audio-visual.  It  would  seem  that,  as  a general  rule,  the  more  senses  we  can 
appeal  to  the  richer  and  more  usable,  and  probably  the  more  lasting,  will  be  the 
impression,  yet  the  audio-visual-hainl-motor  memory,  while  stronger  than  the  audi- 
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tory  or  the  visual,  is  not  quite  so  strong  as  the  audio-visual  or  the*audio-visual-articula- 
tory.  It  would  seem  that  the  divided  attention  required  in  writing  the  digits  when 
dictated  interferes  slightly  with  their  firm  gra*  . in  memory. 

Table  X. — Combined  sense  memories. 


Age  at  last  birthday. 

Number 

tested. 

Audio- 

visual. 

Audio- vis- 
ual-artic- 
ulatory. 

Audio-vis- 

ual-hand- 

motor. 

Per  cent. 

Per  cent. 

Per  cent. 

7 years  ............  T - 

19 

43.8 

47.4 

8 years 

60 

50.2 

50.0 

9 years 

99 

56.1 

. 53.3 

55.9 

10  years 

93 

57.4 

62.8 

63.3 

11  years 

91 

70.9 

74.6 

68.8 

12  years 

92 

74.8 

76.9 

71.7 

18  years 

97 

82.9 

84.8 

79.3 

14  years - - 

80 

82.6 

86.0 

81.1 

15  years 

45 

80.7 

81.4 

78.9 

16  years 

18 

86.9 

88.4 

82.4 

Memory  span. — In  order  to  have  a simple  standard  for  determining  whether  an 
individual  is  equal  to,  above,  or  below  others  of  his  age  hi  memory  power,  the  mem- 
ory span  for  each  age  from  8 to  19  years,  inclusive,  has  been  determined  in  the  fol- 
lowing manner:  If  a child  could  remember  a series  of  a given  length  so  as  to  write  it 
perfectly  at  least  one-half  the  time,  it  was  considered  within  his  memory  span.  In 
determining  the  average  memory  span,  the  first  four  trials  of  each  pupil  on  a series 
of  a given  length  were  taken  as  a basis  for  computation.  If  a majority  of  the  pupils 
of  a given  age  could  reproduce  correctly  series  of  a given  length  in  at  least  one-half 
of  the  trials,  it  was  considered  within  the  memory  span  for  that  age.  For  example, 
of  the  12-year-old  pupils,  47  out  of  93  reproduced  correctly  two  or  more  of  the  first 
four  visual  tests  given  them  on  a series  of  7 digits,  so  7 is  within  the  visual-memory 
span  for  the  12-year-olds.  In  this  manner  the  following  table  of  memory  span  has 
been  established: 

Table  XI. — Memory  span. 


Age. 

Auditory 

memory. 

Visual 

memory. 

Age. 

Auditory 

memory. 

Visual. 

memory. 

7 xypn  TQ  _ . 

Digits. 

Digits. 

5 

14  vears 

Digits. 

6 

Digits. 

7 

R yp.fl.rs  

5 

5 

15  years — 

^ 6 

7 

9 years 

5 

6 

16  years 

6 

7 

1 0 ypn.rs  

6 

17  years 

7 

8 

11  years 

6 

6 

18  years . . 

6 

7 

6 

7 

19  years 

7 

8 

ypft  re 

13  years. 

6 

7 

Repetition.— To  test  the  effect  of  repetition  a schoolroom  was  selected  containing 
38  pupils,  averaging  10  years  and  27  days  old.  The  first  test  given  was  the  usual 
auditory  test.  On  this  the  pupils  made  an  average  of  47  per  cent.  In  the  second 
test  each  series  was  read  to  the  pupils  and  then  immediately  reread  at  the  same  rate. 
On  this  test  an  average  of  55  per  cent  was  made.  In  the  next  test  each  series  was 
read  three  times,  the  pupils  making  an  average  of  59  per  cent. 

Memory  power  and  school  standing. — The  93  12-year-old  pupils  found  in  the  Ogden 
School  were  scattered  throughout  the  grades,  from  the  third  to  the  eighth,  inclusive. 
From  Table  XII  it  will  appear  that  those  12-year-old  pupils  found  in  the  higher 
grades  have  stronger  memory  power  than  those  of  the  same  age  in  the  lower  grades. 
Not  only  is  this  true,  but  we  find  that  the  12-year-old  pupils  of  the  eighth  grade, 
who  are  the  youngest  pupils  of  this  grade,  are  decidedly  superior  in  memory  power 
to  the  average  eighth-grade  pupils,  thus  indicating  that  their  superior  native  memory 
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power  has  been  a potent  factor  in  putting  them  two  years  ahead  of  their  normal 
grade. 

To  show  how  decidedly  this  pa^nelism  between  superior  school  standing  and 
memory  power  holds  good  throughout  school  life,  the  pupils  have  been  divided  into 
two  groups,  one  representing  those  at  or  above  the  normal  grade  for  that  age,  the 
other  those  below  the  normal  grade  for  that  year  representing  the  backward  pupils. 
The  normal  grade  for  that  age  was  found  by  subtracting  six  from  that  age;  thus,  a 
pupil  of  twelve  years  would  be  found  normally  in  the  sixth  grade;  if  in  the  fifth  or 
lower  grade  he  would  be  classed  as  below  grade;  if  in  the  sixth,  seventh,  or  eighth 
grade  he  would  be  classed  as  above  grade.  The  result  of  this  compilation  appears 
in  Table  XIII. 

Table  XII. — Memory  power  of  12-year-old  pupils,  by  grades. 


Grades. 


Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh. 

Eighth. 

Number  tested 

7 

11 

30 

25 

15 

5 

Auditory. 

per  cent.. 

43.3 

50.8 

54.7 

61.9 

60.3 

71.8 

Visual 

56.7 

63.8 

71.8 

73 

■ 76.9 

92.8 

Table  XIII. — Memory  and  school  standing. 


Auditory. 

Visual. 

Age. 

Number 

tested. 

Average  stand- 
ing of  pupils 
at  and 
above  grade. 

Average  stand- 
ing of  pupils 
below  grade. 

Average  stand- 
ing of  pupils 
at  and 
above  grade. 

Average  stand- 
ing of  pupils 
below  grade. 

9 years 

99 

Per  cent. 

47.8 

Per  cent. 

39.7 

Per  cent. 

50.3 

Per  cent. 

41.9 

10  years 

88 

54.4 

42.7 

61.6 

46.2 

11  years  ... 

91 

59.0 

48.6 

69.4 

53.3 

12  years 

92 

62.6 

52.2 

76.7 

66.0 

13  years  ...  

110 

70.4 

64.3 

80.7 

72.3 

14  years A 

116 

68.9 

62.6 

87.6 

74.9 

15  years 

94 

68.9 

62.4 

80.9 

75.0 

16  years  

75 

70.1 

65.8 

83.3 

78.8 

17  years  

56 

67.5 

62.7 

87.8 

. 81.2 

Balance  of  sense  memory. — Table  IX  shows  that  on  the  average  the  visual  memory 
develops  more  rapidly  than  the  auditory  memory.  It  appears  from  Table  XII  that 
the  more  advanced  12-year-old  pupils  have  visual  memory  stronger  in  proportion  to 
the  auditory  memory  than  do  the  backward  pupils  of  this  age.  If  we  take  the 
pupils  from  9 to  17  years  of  age  we  find  that  only  16  per  cent  of  those  at  or  above 
grade  have  the  auditory  memory  stronger  than  the  visual,  while  21  per  cent  of  those 
below  grade  have  the  auditory  memory  stronger. 

Comparison  of  memory  power  and  physical  condition. — Table  XIV  gives  a comparison 
of  all  those  above  the  average  with  those  below  the  average  for  their  age  in  memory 
power  in  reference  to  the  physical  tests.  It  will  be  seen  from  this  table  that  those 
who  are  higher  in  memory  power  are  larger  and  better  developed  physically  than 
those  below  the  average  in  memory.  This  physical  superiority  is  slight,  yet  the 
difference  in  memory  power  between  those  above  the  average  and  those  below  the 
average  is  but  small,  for  most  of  the  pupils  are  only  slightly  removed  from  the 
average  in  memory  power.  That  those  with  superior  memory  power  are  larger  and 
in  a better  physical  condition,  as  shown  by  the  physical  tests,  suggests  that  the 
immediate  sense  memory  is  dependent  upon  good  brain  formation  and  nutrition. 
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Table  XIV. — Comparison  of  memory  power  and  physical  condition. 


Physical  measurements. 

Auditory  memory. 

Visual  memory. 

Above  the 
average. 

Below  the 
average. 

Above  the 
average. 

Below  the 
average. 

Net  height millimeters.. 

Height  sitting do 

Weight kilograms. . 

Strength  of  right  hand do 

1,485 

795 

40.  706 
23. 07 
21.41 
2, 089 
176 
148 

1,464 

785 

39. 793 
22.29 
20.  77 
2, 019 
174 
146 

1,484 

785 

40. 561 
22. 65 
20.97 
2,091 
180 
155 

1,468 
784 
39. 435 
22. 23 
20. 69 
1,987 
169 
144 

Strength  of  left  hand do 

Vital  capacity cubic  centimeters.. 

Motor  ability  of  right  hand taps.. 

Motor  ability  of  left  hand do 

Boys  of  the  John  Worthy  School. — Tests  in  auditory  and  visual  memory  were  made 
on  the  pupils  of  the  John  Worthy  School  [reformatory].  Nearly  one-fourth  of  these 
pupils  could  not  be  tested  after  the  manner  in  which  the  tests  were  made  in  the  pub- 
lic schools,  because  the  pupils  wTere  not  far  enough  advanced  in  scholarship  to  write 
the  figures  which  were  read  to  them.  Although  on  this  account  the  averages  are 
probably  much  higher  than  they  otherwise  would  be,  yet  it  will  be  noted  from  Table 
XV  that  the  boys  of  the  John  Worthy  School  are  lower  in  memory  power  than  are 
the  pupils  of  the  other  schools,  and  that  this  disparity  increases  with  age. 


Table  XV. — Memory  power  of  the  John  Worthy  hoys. 


Auditory. 

Visual. 

Age. 

Number 

tested. 

Average. 

Normal 
for  this 
age. 

Per  cent 
John 
Worthy 
is  of 
normal. 

Number 

tested. 

Average. 

Normal 
for  this 
age. 

Per  cent 
John 
Worthy 
is  of 
normal. 

9 years 

1 

Per  cevt. 
38 

45 

84 

1 

Per  cent. 
53 

47 

113 

10  years 

6 

48 

49 

89 

6 

58 

55 

105 

11  years 

21 

42 

55 

76 

21 

56 

65. 

86 

12  years 

33 

48 

56 

86 

33 

65 

72 

90 

13  years ...... 

49 

49 

68 

72 

49 

66 

77 

86 

14  vears 

65 

48 

66 

73 

65 

60 

81 

74 

15  years 

53 

53 

66 

80 

53 

72 

78 

91 

16  years 

13 

61 

67 

■'  91 

13 

78 

81 

96 

17  years 

5 

41 

66 

62 

5 

56 

84 

67 

Spelling  test. — In  order  to  determine  how  the  power  of  auditory  memory  compares 
with  visual  memory  when  actually  employed  in  learning  to  spell,  tests,  were  given  in 
the  following  manner:  Two  lists' of  70  words  each  were  prepared,  and  each  list  divided 
into  7 sets  of  10  words  each.  These  words  were  believed  by  the  principal  and 
teachers  to  be  in  the  speaking  vocabulary  of  all  the  pupils.  Seven  tests  of  10  words 
each  were  given  during  the  day  at  intervals  of  one  hour.  Instead  of  allowing  the 
pupils  to  write  the  word  immediately  after  its  presentation,  as  in  the  work  with 
figures,  the  10  words  were  presented  one  at  a time  and  then  were  pronounced,  to  be 
written  as  in  the  ordinary  spelling  exercise. 

The  first  day  the  7 sets  of  the  first  list  were  given  as  auditory  tests,  and  the  next 
day  the  sets  of  the  second  list  were  used  as  visual  tests.  Of  course  it  was  impossible 
to  make  lists  of  words  of  exactly  equal  difficulty.  To  obviate  this  the  tests  were 
repeated  one  wreek  later.  The  exercises  were  given  as  before,  except  that  the  words 
used  as  auditory  wTere  given  as  visual  tests  in  the  second  trial,  and  vice  versa.  So 
each  word  wras  used  twice — once  in  an  auditory  test  and  once  in  a visual  test.  On 
compiling  the  results  we  find  an  average  standing  of  6-1  per  cent  in  the  auditory  tests 
and  73  per  cent  in  the  visual.  The  striking  similarity  in  the  comparative  strength 
of  auditory  and  visual  memory,  as  shown  in  this  spelling  test  and  in  the  test  of  the 
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ame  pupils  with  figures,  serves  to  strengthen  the  belief  that  many  of  the  conclusions 
Irawn  from  the  memory  tests  are  applicable  to  the  learning  of  spelling. 

Comparison  of  good  and  bad  spelling.  — Each  teacher  in  the  Ogden  School  furnished 
he  names  of  the  five  poorest  and  the  five  best  spellers  of  her  room.  This  gave  an 
ipportunity  to  study  the  characteristics  of  good  and  bad  spellers.  While  on  the 
yhole  the  good  spellers  have  decidedly  better  memory  power  than  the  bad  spellers, 
ret  there  are  individuals  among  the  poor  spellers  who  are  superior  in  memory 
jower,  and  individuals  among  the  best  spellers  whose  memory  power  is  scarcely 
ip  to  the  average  of  their  age.  While  this  native  power  of  sense  memory  plays  an 
mportant  role,  it  is  by  no  means  the  only  factor  in  learning  to  spell. 

It  should  be  added,  also,  that  while  the  number  of  sight  and  hearing  defects  is 
[reater  among  the  poor  spellers,  yet  there  are  among  the  very  best  spellers  pupils 
pith  marked  sensory  defects. 

Some  conclusions  and  suggestions. — 1.  In  these  tests  of  memory  an  attempt  has  been 
aade  to  divest  the  matter  to  be  memorized  of  as  many  associations  as  possible,  and 

0 to  measure  the  native  strength  of  the  memory.  The  power  thus  measured  is 
>assive;  it  is  blind;  it  attempts  to  take  and  give  back  without  change,  to  return  an 
cho  of  the  sensations.  It  show’s  what  the  child  can  apprehend,  not  what  he  can 
omprehend.  Good  teaching  attempts  to  make  the  mind  active  and  alert,  causing 
t to  compare,  associate,  and  classify.  It  is  the  province  of  the  school  to  discipline 
his  native  powder  of  memory;  to  bring  forth  skill  where  originally  there  is  only 
fcrength.  The  teacher  should  aim  to  develop  from  the  native  sense  memory  an 
rganized  rational  memory.  It  is  said  that  English  spelling  is  illogical,  but  this  is 
rue  in  part  only,  and  the  teacher  should  use  every  available  opportunity  to  see  that 
he  child  uses  his  rational  memory  instead  of  depending  too  largely  on  the  native 
3rce  of  his  sense  memory. 

2.  Those  with  superior  memory  power  being  in  superior  physical  condition,  as 
hown  by  the  anthropometric  tests,  clearly  indicates  that  the  immediate  sense 
lemory  is  dependent  upon  good  brain  formation  and  nutrition.  The  skillful  and 
ational  use  of  this  memory  power  is  dependent  upon  habitual  use;  hence  on  education 
nd  experience.  All  these  factors  are  significant  in  learning  to  spell. 

3.  W7here  the  matter  memorized  has  been  divested  of  associations,  repetition  is 
.ecessary  for  the  securing  of  deep  and  lasting  impressions.  Wherever  logical  asso- 
iation  is  possible  there  can  be  a more  efficacious  method  of  study.  In  studying, 
he  child  should  be  habituated  to  depend  upon  comparing  and  classifying,  rather 
han  upon  mere  repetition.  Children  are  so  prone  to  depend  upon  blind  repetition 
hat  they  sometimes  put  forth  as  much  effort  in  studying  the  words  that  they  have 
ang  thoroughly  knowm  as  they  do  upon  unfamiliar  v/ords,  and  use  as  much  energy 

1 studying  the  parts  of  a word  that  present  no  difficulty  as  they  do  upon  the  unknown 
ortions.  A wise  direction  of  the  child’s  energies  would  greatly  shorten  the  time 
Necessary  for  the  mastery  of  English  orthography. 

4.  While  usually  the  better  spellers  are  possessed  of  better  memory  power  than 
re  the  poor  spellers,  yet  there  are  bad  spellers  wdth  a high  development  of  memory, 
uperior  memory  may  make  the  acquisition  of  spelling  easy,  yet  it  by  no  means 
emoves  the  necessity  for  some  intelligent  application  on  the  part  of  the  pupil. 
Vhile  most  good  spellers  tend  toward  the  visual  type,  still  there  are  both  good  and 
>ad  spellers  of  each  type. 

5.  The  fact  that  children  have  the  ear  memory  stronger  during  the  early  years 
flggests  at  once  that  the  teaching  of  spelling  to  the  young  will  be  effective  if  the  ear 
3 appealed  to;  that  there  is  probably  a place  for  oral  spelling;  that  there  should  be 
ome  pronunciation  of  syllables  with  the  spelling;  that  the  words  presented  to  the 
hild  at  first  should  be,  as  far  as  possible,  phonetic  in  their  spelling,  leaving  the 
!more  cruel  and  unusual  ” forms  of  English  orthography  to  be  learned  in  later  years,, 
then  the  eye  memory  has  become  stronger. 

v n 1 Q09. l7c>. 
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6.  The  investigation  shows  that  there  is  no  “ memory  period,”  no  period  in  early 
school  life  when  the  memory  is  stronger  than  it  is  at  any  later  portion  of  the  child’s 
life,  a period  especially  adapted  for  learning  to  spell.  While  there  are  no  memory 
stages,  there  are  undoubtedly  periods  of  interest  that  are  especially  favorable  for  the 
child’s  learning  to  spell;  times  when,  through  the  influence  of  companions  or  teach- 
ers, the  child  is  aroused  from  indifference  or  from  a feeling  that  spelling  is  a small 
part  of  life  to  a recognition  that  it  is  important. 

7.  It  has  been  pointed  out  that  during  early  school  life  the  auditory  memory  h 
the  stronger,  and  later  that  the  visual  memory  is  stronger.  During  the  whole  o: 
■g^hooThfelthe  audio:visS'inemory  is  stronger  than  either  the  auditory  or  visual 
that  is,  a simultaneous  appeal  to  both  sight  and  hearing  produces  a richer  and  more 
usable  image  than  is  brought  about  by  an  appeal  to  either  sense  alone.  This  fac 
is  very  far-reaching  in  its  application  to  teaching.  The  audio- visual-articulator] 
memory,  in  which  the  impression  is  produced  by  an  appeal  to  the  hearing,  sight 
and  the  muscle  sense,  is  even  stronger  than  the  audio-visual.  It  would  seem  fron 
this  that  the  more  senses  we  can  appeal  to  the  deeper  will  be  the  impression.  Thi 
fact  should  be  made  use  of  in  spelling  drills. 

8.  The  aim  in  teaching  spelling  should  be  to  render  words  of  the  most  frequen 
use  automatic,  to  have  them  so  well  known  that  in  writing  they  will  flow  from  th 
point  of  the  pen,  requiring  but  little  thought  as  to  their  formation.  Then  there  is 
large  class  of  words  of  less  frequent  occurrence  which  should  be  recalled  on  sligli 
reflection.  For  the  more  unusual  words  the  individual  should  have  tne  dictionar 
habit  so  firmly  fixed  that  he  will  conscientiously  look  up  every  word  he  needs  t 
write  if  in  doubt  about  its  correct  spelling.  The  spelling  of  words  is  rendered  aut< 
matic  through  practice  in  writing  them.  Though  the  first  grasp  of  the  word  ma 
well  be  made  through  other  combinations  of  sense  memories,  yet  the  final  retentio 
of  the  spelling  of  most  words  should  be  through  the  audio- visual-hand -mpt( 

memory.  jfl 

9.  The  per  cent  of  pupils  having  sight  and  hearing  defects  is  greater  among  tt 
poor  spellers  than  among  the  good  spellers;  yet  there  are  pupils  with  decided  sensoi 
defects  among  the  very  best  spellers.  While  these  sensory  defects  are  handicaps  i 
learning  to  spell,  still  they  may  be  overcome  through  careful  application  by  thoi 
pupils  who  have  good  memory  power. 

10.  Much  that  has  been  said  here  concerning  the  teaching  of  spelling  will  app 
with  but  slightly  diminished  force  to  instruction  in  the  other  branches  of  tl 
curriculum. 


